1 . DESCRI PTI ON LI QUI D CRYSTAL DI SPLAY

DEVI CE 5TECHNI CAL FI ELD [ 0001] The present invention rel ates
to aliquid crystal display device. Mire specifically, the present
invention relates to a liquid crystal display device that adopts a
driving nmethod 10 using a thin filn1tranfistor. BACKGROUND ART [ 0002]
A liquid crystal display (LCD) device is a device which 15 perforns
display in such a manner that the optical property of light emtted
froma light source is controlled byrsskrgreoki quid crystal |ayer

and the like, filled between a pair of substrates, and is w dely used
in various fields by taking advantage of its features, such as thin
profile, |igpUuine Citsaan DDSPnelEROCEonsunpti on. [ 0003] I n
the liquid crystal display device, an alignnent state of liquid
crystal nolecules is changed by applying a voltage to the liquid
crystal Sl ayer by using a pair of BICENICRlesFI®kPed 25 on the
substrates,[?ﬂgl hereby a pol arization state of the |ight passing
through the Tiquid crystal layer is changed. In the |liquid crystal

di spl ay device, COIRPTESPRErSNRIE. G draRtEY BP achl 8tsd &7¢ StElnBispbay

perfor Im f0|&£vﬂ£§p| aalbé:eﬂs@?%aifridafl1§;LJb%hreab@ésﬁaﬂd%eahﬂ?ohh@ehbauisdto
crystal layer, are he spacers, sqQ as _to have a uniform gap
(CoT1 2 gap) % HeRBb i b b Iosh et 168 cach BHRBEshg HEsBaiangethod
mat eri ab. [WO04d 4 nctiire filwitdranyssabrdi spl ay device, subsidiary
pi xel s of three colors of red (R), green (G and blue (B) are usually

35 fornmed. A color filter of each color is arranged for each of
BACKGROUND ART

f0002]
A liguid crystal display (LCD) device is a device which

15 performs display in such a manner that the optical property of

light emitted froma light source is controlledbyusing a liquid

crystal layer, and the like, filled between a pair of substrates,

and is widely used in various fields by taking advantage of its

features, such as thin profile, light weight and low power
20 consumption.

f0003]

In the liquid crystal display device, an alignment state
of liquid crystal molecules is changed by applying a voltage
to the liquid crystal layer by using a pair of electrodes formed

25 on the substrates, and thereby a polarization state of the 1light
passing through the liquid crystal layer is changed. In the
liquid crystal display device, color filters of a plurality of
colors are formed to perform color display. The pair of
substrates sandwiching the ligquid crystal layer are held by

30 spacers so as to have g uniform gap (cell gap) therebetween and
are bonded to each other by a sealing material.

[0004]

In the ligquid crystal display device, subsidiary pixels

of three colors of red (R}, green (G) and blue (B) are usually

35 formed. A color filter of each color is arranged for each of



2 the subsidiary pixels, and color control is perfornmed for each

pi xel by adjusting |ight passing through the color filter of each

‘col or. [0005] 5In recent years, there has been nmade such a
contrivance that, in addition to the RGB, a white (W subsidiary

pi xel is arranged in order to increase I#ninance (see, for exanple,
Patent Literature 1). Further, a nethod has al so been investigated in
whi ch the areas of the RGBWsubsidiary pixels 10 are nade different

for each colyu s%%s%lta%ysghké%if &%lb%l&%%t%haﬂgepémmé&%r each
exanple, Patent_Literature qui d st al

di spl ay deReel ﬁ&édjé%%&%dééihér é’at?sst}é]lq yh@%ﬁgéae. ﬁoéoﬁa piker of
form and eatdh adoide. pi xel 15 el ectrodes is driven through a switch

f ormed byaa&dﬂéhjiln1transistor (TFT). The TFT is a three term na
field-effeck sistor, and a drain electrode of each of the TFTs is
connect &d to the Ipi xelcegitegerade therespasdieen meddheuthla Aoghrévance

el ectrode c FT i ct t : i
each rOM/oﬂﬁ%%g gh rF&H% E%o%?cghgfggﬁfd%q”} eagﬁ %P ggagﬁ#gﬁgggi 8
connect ed t&rﬁﬁ@qﬁdcknb®@d¢1n@ooin@nﬁﬁs%olumﬁﬁ@ﬂc@hésﬁ%terr gxample,

desired inmgge S0 DecOPi@ALASH PY aRPIDHAYG an ndgRl Hahal14® dda
source bus |ine and by sequentially scanning the_gate bus line.

25[ 0007] inves Rt ihahiichutieceyseal ot &rrievibeddhary pixels

mul ti - gap o mguéaaiﬂﬂer@nmo&heachm&ll@msa d<ebl s @apdbDf adieidd guldr
crystal l|ayer. is na e different fo ub5|€|ar |er ?f each
col or. méﬁ%% i %Fcﬁx?%% %EI é Sdftferent, a

val ue of camﬂbﬁﬁhnce associated with the pixel electrode i s changed.

Therefore, in Ordﬁ{t%ﬁ3Q!' JQ?% y%qgld' sﬁﬁggcﬁebgcghe Ekéflelecﬁrodes

capaci tance between idira I'S nécéssary t
cont ri vancesrs iialsly a?)rmeﬁb Js“t Gr §@éréa<p§@|rmané§ddﬁﬁﬁér et therpixel

each of st he pixelsady 3% &Hﬂ@é:ﬁ i REo WX el @%fﬁéﬁ@@rxﬁé@%%% ﬂtﬁn film

equal i zing the storage capaci tance” between t he pixels % @
the pixel él&Rsddeear %%T)m f fi&e it ¥ ridmeddr st ﬁ@rrfftlé’e?el Jc?rJLd effect
exanpl e, Pateisidterata® B3)drd008]lectrode of each of the TFTs is

connected to the pixel electrode corresponding to the TET. A
gate electrode of each of the TFTs is connected to a gate bus

20 line of each row of the matrix. A source electrode of each of
the TFTs is connected to a source bus line of each column of
thematrix. Adesired image canbe obtainedby applyingan image
signal to the source bus line and by sequentially scanning the
gate bus line.

25 [0007]

Some of the liguid crystal display devices have a
multi-gap configuration in which a thickness (cell gap) of the
liquid crystal layer is made different for the subsidiary pixel
of each color. However, when a size of the cell gap is made

30 different, a value of capacitance associated with the pixel
electrode is changed. Therefore, in order to eliminate the
difference in the pixel capacitance between the subsidiary
pixels, it is necessary to make contrivances such as (a) making
storage capacitance different for each of the pixels by

35 equalizing pixel electrode areas or (b) equalizing the storage



S5Further, in the liquid crystal display device, in order to solve a
vi ewi ng angl e dependency problemdue to a difference iny
‘characteristics between the tinme when the display is viewed in a
front direction and the tinme when the display is viewed in an oblique
direction, there is a case where a plxel is divided 10 into a
plurality of sub-pixels, and where the y characteristics of the
respective sub-pixels are nmade cl ose to each other (see, for exanple,

Pat ent '—itecf & Moo %Wa%%&ckﬁgeig > %’ingi gth?Qe?eé’fé'Q@PSéfe

of displ ay m nance. aracteristics

bet ween t heangafe dieie it df%‘?ﬂ a%/aql'S PEEh&F elRRE | anlhee*?We di Faeenbn
and the tingwhendhe g splay is viewed in the oblique direction

means that a gradation display state is changed according to the
observat i onl ®lction. The vi ewi ng angl e dependency probl em due to
the y charact eri shirttshegn ibetaki Di@aiedciysisammlaspnmmajemh@t anstatier

20 having di fferent .characteri st or ne Yy a yi n
i fferent Vil R0 D o Tt A ey TSP ra aBR g Firosgrpos
of the sub-ipl xeharadd@(9]sdEurd betyeas ttharetihadviar therdris;glay dpaceewed

a met hod hag, 2p Al 30 kaen ddiied '@iWﬂ'Cgum.yﬁgeEO£HE hikhen §Eev1ewed

formed in correspondence Wt subsi di ar ixels, the co
filters ar é%ﬁ@@@#ﬁu%ﬁﬂyeﬂéﬁﬁﬁd Here éﬁa%@a\ﬁf@eﬁﬂée%%é‘ B:b}é%:érlsl diypded

be forggd, 6}{% arﬁm@mﬂ@%%k tapipr et e a%p@%rer(es@ﬁe f&aa%@g@kfstlcs
atent LIt ature or er to

Pat ent L|te r 30

Componsat ¢ Of ERETERSPRCT hES CHRIET D 5P Ak THos C8ISARY GHD°FLESEE:
the spacer faqy E_B;ﬁmpllet h?aﬁéﬁﬁlﬂiiﬁéﬂamﬁ@M) a makhpe@hhascheeistics mean
i nvestigated ich e sa.u?%gt%meiano of emw %tﬁg
respecti ve P3Py AT S @ YL Y o U PP Loy iHE Y 4

Cl TATI ON LISRradmmimtidcs ergtdi B¢ 0010 bekacent thée tématwien thei@isplay
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3. JP 11733 A Patent Literature 4: JP 2004-62146 A

Literature 5 WW@/I@Q@L@@H@S@WW%WW@ th%@nrﬁwatlon

Probl em display state is changed according to the observation direction.
The viewing angle dependency problem due to the y
characteristics can be eliminated in such a manner that a state

20 having different y characteristics 1s formed by applying a
different voltage to the liguid crystal layer corresponding to
each of the sub-pixels.

[0009]
Further, as a method for forming a spacer, a method has

25 also been tried in which, when color filters are formed in
correspondence with RGB subsidiary pixels, the color filters
are also similarly formed at a place where the spacer is to be
formed, and are laminated to form the spacer (see, for example,
Patent Literature 5). In Patent Literature 5, in order to

30 compensate a change in the capacitance of each pixel electrode
due to the spacer formed in the subsidiary pixel, a method has
been investigated which equalizes a capacitance ratio of each
of the respective pixels by changing a size of storage capacitor
line.

35



[ 0011] During the investigation of a liquid crystal display
devi ce including subsidiary pixels (hereinafter also referred 15 to
‘as picture elenents) of a plurality of colors, the present inventors
paid attention to a phenonenon in which, when thicknesses (cell gaps)
of the liquid crystal l|ayer are differeq} bet ween the picture

el ements, and when a white wi ndow screen’is displayed on a hal ftone
background for a long tinme 20 and then a halftone solid screen is

di spl ayed, only the color in the pofidgemeorfesponding to the white
wi ndow is seen to be different fromthe color of the background
portion. [OOEALSgUrESREE S schematic view showing a state when a
white 25 wimow i s di splayed on the hal ftone background, and Figure

51 is a sch ti i.ew show ng a .St ate of | ftone solid display
when t he Whi%ta e\ﬂ%n:jf‘ 1€ 455 rat d.%ois1 521%%%3{1%‘ Figure 50 and Figure
51, in Bhe $taatemtoflittee atairdet @ne JFol20D TH2AE%SY A | mage sticking due to
t he displ ay fare -t J the i 30 wi ndow occurs in the
region in m@%ﬁ%th%’%%%r%?%én?gwqﬁas&%l\ggsta%‘ed. [ 0013] The present

i nvent or s néddendr ildde nahrest idgatifordd Vol 46hé cause of occurrence

of such phengrenen 1angd f-Qund out wWdaloo3 ddgdamge sticking occurs in
the di splay because the cell gaps 5 of the picture elenents are

different fromeach other and thereby the voltages applied to the
l i quidigrystal |ayer are nmade duMMarenOFf rowE®@cbNot her, so that the

liquid cryst apacitance is made different for each of the picture
el enent s. 5[3&éhﬁical£¥%§hﬁFWhe liquid crystal capacitance is

different fld0ldagch picture elenent, the value of the electrostatic

capaci tance for @%§“~ Qﬁ;p i I i ff f -ﬁgﬁg,
of the picture gﬁfe&nrgﬁltgts [ gl)éﬁee.s?,zl S lg)qgc J('2rfigtjislg:q%/illC{ewﬂ hovalnghm gn
10 wavef or Bewfca hacdvgiinavarbagesapy Rige bt X&eraisafitedesl aprambrigred

adj aceps| y i sgaghcetber e1EROABE) of a plaIsitgnals waYsker Menhs hoves Ot
a left side of Figure 52 are waveforns associated with %Iplcture
el enent haVV$&f%¥q§ﬁxﬁﬁld attention to a phenomenon in which, when

thicknesses (cell gaps) of the liquid crystal layer are
different between the picture elements, and when a white window
screen is displayed on a halftone background for a long time
20 and then a halftone solid screen is displayed, only the color
in the portion corresponding to the white window is seen to be
different from the coleor of the background portion.
[0012]
Figure 50 is a schematic view showing a state when a white
25 window is displayed on the halftone background, and Figure 51
is a schematic view showing a state of the halftone solid display
when the white window is eliminated.- As shown in Figure 50 and
Figure 51, in the state of the halftone solid display, image
sticking due to the display before the deletion of the white
30 window cccurs in the region in which the white window was
displayed.
[0013]
The present inventors made various investigations about
the cause of occurrence of such phenomencon and found out that

35 the image sticking occurs in the display because the cell gaps



15 cell gap, and the signal waveforns shown on a right side of Figure
52 are wavefornms associated with a picture elenent having a snaller
cell gap. As shown in Figure 52, an effective value of the drain
voltage (Vd) is different for each picture elenent. This is because
the magni tude of the pull-in voltage (AvVd) is 20 different between
the picture elenents, and because the potarity of drain voltages
(vd(+), Vd(-)) is changed at each tim ng when the AC driving of the

pi xel el ecty:0 elogg F?:ﬁch c!eme?‘iﬂ'éceaxaé‘ &m@lpﬁrﬁ%ﬂ Sot¥dr and

formed for eac posed voltage is set to_a_ val ue
common to éﬂﬁﬂﬁﬁé’ﬁmﬁEW§ltﬁgeﬁhéP@ﬂéﬁ§ tg vheuélepridheryptphubiyer are

88?0)55(1 }/?Ma%&el#@t@ﬂémﬁdftﬂ%m té’@:n/fiiﬁlﬁzpi féch&:kds[@iﬁhé/dih@gﬁd gd&d\ﬁs'ﬁal
after pull-inis set to.a valu i ffer each o

i Gt o ol GRS CARRS hadtans QItSGRRE: CUf EATaPE ditie PG CBEg CrEnents -
el enents ar@cdlt ably driven by an opposed voltage common to all the

picture 30 el ene?\]tth {:nglal] 'llld CIXFEHH&%{H%S&&@H%%%&é% for each

i nvestigation of & present i nve oun suc
vari ati on igidthereoplienentoppgdsedralola afe dwiseedimeetatieckiarpestanrce

to affect thg. 3 Qgspfk@blxeq E9QLfkode is alHRPAREEERBhLI f‘é!ﬁréta'c@{‘o@a@ae

been made in view of the above described circunstances. An object, of
t he presenQMQﬁRﬁﬁ?éﬁm?§tﬁo[ﬁ%&?ﬁ%i@J#%ﬁﬁ6h€W9§F%V¥ﬁ%6P8Vl&%ﬁ%%nal

whi ch par dlmév%fm@aeéflﬂfﬁg@rﬁh%m@g@se@fwwwpm@l ehiccknesizesa of atded
liquid crystﬁ I%ﬁﬁ: for th ture elenents are nmade different from
each ot her 24Ja85 %NF?(?%? 10[ 0018] In order to

suppress thedlfgge sticking, the present inventors have investigated

various methods ol TAAG LS QRLLMITLORA0RAT VOLERIE. B0UBE PELUPENS?

the picture el enen pai'd attention SCU th
factors r equfler Hdveéoampmsmeﬁlﬂ%d opthny mwp@saealemﬁpad@avyl%v&arger

descri ? a%\h%@ld‘ e Walwes PivEWeh-Rs shts%n%r@wlegr@d §ﬂa@fo?f @i’@ure
ose to e%

made ¢ ot her, the optinmum oppaosed voltages are al so
equal to edth WtherdRAUEEh ITROGIEERH &7 bR ST HHR ‘?/]a@&%“th%Wg a

an be ?Epkﬁﬁﬂgﬂﬂﬁ?xeﬂdgm;ﬁ XAEQshA?nSBﬁW@%gﬁrEI?Eteaﬁﬁeﬂﬂéct%b@dvﬁﬂue
above, e v rep ents.,a_gate v age _change a
Eoo e hen B thE el Ppicaber e s A St e e B M R Y e et -
Vg P-P aL adixas ?@baasteow@nma@miwae @hd He pea li-tin S’oﬂeaq&SaAydD 0is
"~ a jusr e e Q i e V. e

of a |s&exp&r/lgésfs‘leer ne{:s%aeﬂ}qeégd/e%%é O@é@ﬂ%dﬁ%ﬂy d‘%{d g@?%%—lgﬁ%eéﬁél
character Qud aisiut exf phedsi tvicd. tegesci (Va{de b¥veen thechanegedndttaach
drain, refer ﬁ%‘%@ﬁﬂ%ﬁ%ﬁ@%&&%%ﬂ@t@ﬁ PR $§kéncef@cp@1%d@&%ep@§f&@ﬁ@d
t he source an

rain, referencé character Ccs denotes parasi
capaci t ancéS HImeBrPRIMRSTS edfFtindedt APt ARAMREf R REENCHALREG }g}.x%}ﬁ,

30 denot es Ji @pfbsely shakagapasi é@tﬂeﬁ) aAvhDtial cymhoe t0f a@adtheGodxels.
Ccs + gl whi ch_is herei afte% kﬁ ferred L9 as Cﬁhg repr gsentged
the tofal CHIRIA 1%kfe F (HAS OF peePPEABHR DRRESS CcORAEREBATT oo LE
drain of they THE vh00293f the drain voltage (Vd(+}, Vd(-)) after pull-in
is set to a value different for each of the picture elements,
and hence it is difficult that all the picture elements are
suitably driven by an opposed voltage common to all the picture
30 elements.
[0016]
Further, according to the investigation of the present
inventors, it was found that such variation in the optimum
opposed voltage causes image sticking so as to affect the

35 display.



35As a result of an extensive investigation of neans for 7
effectively adjusting the value of a, the present inventors paid
‘attention to a channel region of TFT and found out that the bal ance

of suitable pixel capacitance can be effectively adjusted by making

t he channel region of TFT different for §ach 5 of the picture

el ements. The channel region of TFT neans a region in a sem conductor
| ayer, which region forns a passage (channel) that enables current to
fl ow bet weemgig source el ectrode and the drain el ectrode according
to the charges supplied to the gate el ectrode. 10[ 002 %1 The

si ze of the chan Pé&iS&ﬁltoF-anﬁ*tﬁ% %aM%‘f‘g?é‘ MRAeueRCEL o dthéhe abo"e
char act egi ﬁéﬁrﬁe&ﬁ:ﬁra&ﬁnéﬁtﬁlwﬂl hzm;) obh%cd:halﬁneherpgegéntSJﬁnvent;cn
i ncrease current .characteristic ones better,.and a.change.in
the sise ofi® e SRS rogh ShTLs vt Eo Rt M n b e 80y Y RRRaL)
capaci t ancesGl iGsdie Gt ckang dvenhwién drlee ddnpdmeEssoofCphr. liquid
[0021] s tHe 101258 @Br'@{@ i, AOUREBHE STRAL Hifife BRIEEEUL: £1om
opposed vol Tage can Be easi| e equal between the picture elenments
20 by conne&AGPENSFT havi ng a larger width of the channel region to
a pixel electrode that overlaps a region having a smaller thickness

of the liquid crystal |ayer, and thereby the generation of inmage
sticking can ‘éiﬁﬁﬂ SFORED result, the present inventors came
up withoan [qeEB 1t hat, W|th such neans, 25 the above described

probl ens can be qfectde elelﬁlsod ve}glé ang reacaheed t.he {esen h resent
i nvention. [0022] T hR ??’ue ¥ 656 |§1§/ SHtToN i 5% & n
provi de a lirpdntarsy state mmmg@mcievm@kslmﬁml@s fopanzkpfg the
substr at es, [ I @@%ﬁi al

of substrat ﬁlqmﬁ[%?ﬁb\%ﬁ%pc‘ﬁoﬂé?é %qua yl?%trre fhe g%ﬁ?%@%ﬁ%ggﬁfﬁgp hd
a plural it Pagfd @bEeREiopHe thLﬁatPchpgmned@é;ﬂa@i%r@@ubé@%o adjust
feat ur gd 'rtﬁé"%tptgﬂﬁﬁnptapbla%e@abﬁlgg SUDS AR @R d IABKIPRIRGANN flen the

| i nes, signal nes st orage capamtor lines, a thin film35
t ransi st or @&M’?e%tcé% Atvéi &dc frh6f Piisd U¥ea RAPAGDESn@ I8nBafReCPRatC Bach
line, and atxsl takespt dencppedddol @atbe dihe rlfsd matiéaét?lasl @b, eddh

that the ot f the f_sybstrat | ud
el act r ode, THRLRRSTIRET IR Py S L IS § mek 0808°0 P BroA Ras?Rgee

a larger thi:ghkressdrs awrdegl anxh\ag‘i' Ag a&ssmhldwer ih Fhigokres5g dasonebed
pixel, opn that, d he i )%%Jl at tﬁzﬁﬁ' g?%rs@ﬂ%d fgét%a%l% {ehéhange at

pi ct ure el enents, and el ectrod at ove

regi on havitdg él@@al"ﬂh@ﬁi Fhﬁcf?ﬁ@séso’ﬁuﬁh%dIQ%& d Iér y st alecleﬁﬁéFfYaﬁ@n]geep

the pluraligne GfaiRiex@ls elgect ades rakkanggdukntengoRkXekt bt COARGCh & e
to the thin filmtransistor having
it is necessary to adjust the value of o in order to change

the value of AVvd. The value of o is expressed as a = Cgd/Cgd
25 + Csd + Cecs + Clc. Reference character Cgd denotes parasitic
capacitance between the gate and the drain, reference character
Cgd denotes parasitic capacitance between the source and the
drain, reference character Ccs denotes parasitic capacitance
between the Cs and the drain, and reference character Clc
30 denotes liquid crystal capacitance. A total value of Cgd + Csd
+ Ccs + Clc, which is hereinafter alsc referred to as Cpix,
represents the total capacitance (that is, pixel capacitance)
connected to the drain of the TFT.
f0019]

35 As a result of an extensive investigation of means for



10 a larger channel w dth anong the plurality of the thin film
transistors arranged in the one pixel. [0023] The liquid crystal

‘di spl ay device of the present invention includes a pair of
substrates, and a liquid crystal 15 | ayer sandw ched between the pair
of substrates, and is configured such that a pixel is formed by
picture elements of a plurality of colors. For exanple, one of the
pair of substrates can be used as an array substrate, and the other

O ol he pal o Sl RN TALER FAN DD Ueed 80,0 66101 LAL1SEc SUbE! (218n:80s
The plcture e enents f a ors’ can

col or filtérasld edfeantiiag ywaraf é’rﬁ]gf’é’dleiln r@‘@rlp@sﬁénagﬁcénﬂl tfﬁuﬁijcPHFethat
tg'elherrEnlts aﬂfé\tﬁ]lla%t&e ijs{%hﬁia%q:eo x@qgggga@méﬁaaedaaybadeﬂﬁétﬂgve1y

e bal ance e ective co air

SUbstr at es ARCITiHEs DYCRRRT G TREE T nRe R AT OF AFLc T oty 106 sach
gate bus§ | m%sr)he grigraird i alesudres 2i 1Tl ehaalned. refgdrorech i CFRIS ns@nca
G bus | nago iR B PRRBhaREPER ot T L, SR Sl b e e
scanni ng 30(dha1w1a)notleaa1trﬁlmbl¢% Sigreit | fpeslowmke tvgixethel setroe
connect ed tH JQ8-Jdu rhﬁd'tfﬁé r@f@iﬁt&ecgf@dgrééébﬁéﬁ%@&'etﬁé &%Pg@é

the TFTs is connected to pi xel el ectrode corresponding to the
TFT. The gawr}i&d rﬁfdéﬂtﬁ %aa% ¥FeFHEPETs is connected to the gate
bus linge offemaay row. The source 35 el ectrode of each of the TFTs is

ted to th b f h Ad d,
can be obt a?nede@we!%ﬁgm BhSFIAHR SegRar ot RDGotnge BT gnce
and by applqﬁ ntea atod teages it st hes gaf eTHhs [Asnehat wa qirhe cbeft eﬂm mechnnel
timng. % o 5.‘ Jhe raetbah S5l d@ﬁgrd!%q:%nqzog%égg%@ékggtl&tbéc%n{é%clﬁéﬁgéy ,

t hat the sca |ng nal rage capacitor
the thin fﬁnd@rccmm@tmth@r@lm@fpﬁb@tzhéneeﬁmﬁmm@xarta@gvednfluence

FeSpeCEFvek}h iG] 'M'@é;&é&ﬁér{é@s @faf hesd ) Kees anéjn@tc}?@r&ﬁié'h are
intervals so as to el'ectrically isol ated fromeach 10 ot her.

Furt her, thémmq{@nfe?t &k r'Rfetand the opposed el ectrode are arranged
to be separmieed ff rom each other via the liquid crystal |ayer.

Therefore, a certain am)unii of electrotatée %ﬁ?)tt nce is forned d
bet ween each of tH& PrA&E &Nt BaRhoHP P& SR8 CHEE e BRP? B
el ectrodes vcﬂptesajef iczal by, ebbel §omsdanniungl [Herteremmd ttheep;hctetre elements

electrg ﬁec ; %%t% | SAPAGLL gycg 1( r ﬁ?&%ﬁ@ﬁe ch?%n%&drégfon

pi xel orm sour ce-drai n capacitance
capaci t or Ihm@ metlh@lmqtmod@l ¢hEtodwefrdamsaasregage bapavot analealler

(Ccs), and e plasl & e@ﬁé Oﬁa?q@i“@ Ehes0pPoseck £] eghd odee FOR PN Ligui d
crystal 20 capacitance
generation of 1mage sticking can be suppressed. As a result,

the present inventors came up with an idea that, with such means,
25 the above described problems can be effectively solved, and

reached the present invention.

[0022]

That is, the present invention is tTo provide a liquid

crystal display device which includes a pair of substrates, and
30 aliquidcrystal layer sandwiched between the pair of substrates,

and in which a pixel is formed by picture elements of a plurality

of colors, the liquid crystal display device being featured in

that one of the pair of substrates includes scanning lines,

signal lines, and storage capacitor lines, a thin film

35 transistor connected to each of the scanning line and the signal



[ 0026] The other of the pair of substrates includes the
opposed el ectrode. Since an electric field is fornmed between the

‘pi xel el ectrode and the opposed el ectrode, and since each of the

pi xel 25 electrodes is individually controlled by the thin film
transistor, the orientation of the liquig crystal can be controlled
for each of the picture elements, and thereby the whole screen can be
precisely controlled. [0027] 30The liquid crystal |ayer has a region

having a | arger, tAHEkNESSxdN e fo b QD &@dﬂé@t@d%@léﬁé tRigkpesg in
one pixel. The 1jght-control characteristics can e different

bet ween t he 531 lbylﬁa%%ﬂgtaet%'rfe%é&ﬂe%@Iaprg%%)sueﬁttn%qsl HuF yudes
crystal |ayaf ogbbketiestedOro@achn e@a@rthé%ihqaza]crg&al layerThecludes

| electrod d. f t | ement
Di Xl ol octt HELPRAISEUL Fabtole T S a RN ABCE SRAI BT T Gk AoRee brer
the |iq6id tWdriysitredsd ayleonarmngalt hénpthataltheypbke piedetctetetdt redesranged

arranged |1k ane.phxel chs GONRL eflemohost ind I Rel £hA LARISL KLt rode

having a | arger c anne e plurality of 't
t ransi st or Sty angad aps & Hee Ve bas(éng FizeadH@meniaikaess doedhgot 1quid

mean the 'rBf?éﬁ%l.Q%&%@eﬂméﬁé1§Q¥bQﬁr%h§QSJQ§%M§&Q.b@%c@&%ﬁ%s arranged
el ectrode (hereinafteéer also feferred to asS channe

view of a ti PTG IFhZEG tSasSreestedh e ﬁ@&nghﬁﬁef%}@tﬁgﬁ? fﬂEofEeﬁ?Ehng

formediby tdhelsasrceciedeedT odedmnchidrey dfled nophesiiogdeohiled tlace film
each other. There |s a correla C&jjtrh 1a_gtween t he hannel wi dth and the
e

val ue of piSRATTHTET T dtce AT LY %HF? 1ation between the
val ue of plD(H]Z?c]apam tance and the value of cell gap. Wien a 15 TFT

having a | arger t t hat
overlaps a region aV| &i & %ea?loi%%ﬁf%ss&%‘?lﬁﬁl qui ?%?%%I
| ayer, and Wheantal oFF dﬁf a BRar|ef LHFHAatsd diand & ééﬁﬁéét eyysbal

a pixehsel qféf&d%éﬂwléh/&ﬂ]@@&ﬂ@er{ aON AV HE SubHE geFed Ni skaess of
the liquid crystal layer, the 20 variatjon of the OEtI mum ogiosed

vol tage betGRSEn e DiSUalt & héite et ¥e Lahs Hed ufsh Pds B4G YR ot RESBERFS of
of the charaacgleﬂrﬁl@s of ¢deoddTs For0@2Cmpllke eonf icfuraid aief dfhe

I d t di spl d 25 of th t

espoci al |y T PHITEAT 56 FOnoaiFE T aner BTy STREFUEe! ctith che Sthex of

conponent s.tH¥ pharablf es_ﬁxebnda_trmt:anobetdmd aguk cadrypsfall teirsphlagtrate.

devr Cezgf i3 BE%%ﬁ% égé(ﬁﬁfu%é’ @Eﬁeg%ﬂﬁf 'J¥ %i?rg%aﬁ{ 'bebfégf{"lzed
Ol't erre at 't

[ 0030] 1spre e ov area of the scannrn
| i ne and t Hey giodelr éﬂééﬁlrédéeﬁm‘a@tb\@ll’a?ﬁI%PQ% 1@ncﬁ§VPﬁ80ad§ﬁ‘§Bl eith

thickness qf;j dhe-d iQWinfb Y skal vayebubsadipier 1 dFPWan be expressed
by adjusting the balance of the respective colors.
[0024]

25 One of the pair of substrates includes scanning lines
(hereinafter also referred to as gate bus lines), signal lines
(hereinafter also referred to as source bus lines), storage
capacitor lines (hereinafter also referred to as Cs bus lines),
a thin film transistor (TFT) connected to each of the scanning

30 lines and each of the signal lines, and a pixel electrode
connected to the thin film transistor. The drain electrode of
each of the TFTs is connected to the pixel electrode
corresponding to the TFT. The gate electrode of each of the
TFTs is connected to the gate bus line of each row. The source

35 electrode of each of the TFTs is connected to the source bus



t he .over| appi ng area of the scanning line and the pixel electrode
that overlaps a region having a larger thickness of 35 the liquid
crystal layer. Thereby, the value of the gate-drain 11 capacitance
(Cgd) forned between the scanning |line and the pixel electrode can be
changed, and hence nore suitable adjustqgnt can be perfornmed. [0031]
5t is preferred that the overl apping area of the signal line and the
pi xel el ectrode that overlaps a region having a snaller thickness of

the liquid J]%,fryest@é dayeredsudi ffar %@fslfrreamﬁrﬁ%eo\eeard MPING ARy ofy
the signal line and the pixel electrode that overlaps a region haV|ng
a larger tHiHKHEE DA HeATS éaﬂalaiot%r% aPuUr g9 &S Thepehyd PyhaPRbY tied

of the sourgcerdiraide capaaid (Ke51) 1 v el é)%ﬂ\&%téﬁ@lﬁécgn@imiﬂl@e
and the pi X@' quectrode can be changed, and hence nore suitable

adj ust nment e perfornmed. [0032] 151t is preferred that the
over | appi ng area Inf iHee simreagk capded aronfipimaididrhe ji xied necessary

el ect rode oty OYer LaRsndnsoglon haY 00.A.3 Rl Ler il ekpesse0labl: cor

liquid crys I"ayer f'erent e overlappi ng are
st or age carialmetrorth& nehiandf e piadedisieet raogd thaitpovel | abeschrodyi ape

having a 2Q,J.angely thiLdess,afy e Im%u%tqwtfahmsaye& thBef eRY¥, and
the value of the storage capaci tance ﬁ ormed _het ween the storage

capaci tor latheeahalitn Pise LeFecs SEIeb%é eﬁéréﬁéﬁéé(dls%lﬁt%ﬁéé’%@‘éh
sui table adjtrsdmentrugdhele ’@Béfplr:fé?ldel[e@@%3he25ﬂ1@ ’dH:‘e pppbetetedl ébatode
the area of_ the pixel electrode that o e s a re i.on having a ..

smal | er thle'crk%é?gr Cﬁe L9 iU SRV ﬁ%@g eqgh L?%If et f 1%6%1 thaguid
area of thempistal dJa@cHr odeénehlatfoaeer bapsraaiagamouhavofigebetargetatic

Lhi ckness ofertdie Al 4 CEYSha RLer TUBREDY:cH S YALUELOT AN of che

el ectrostati capaci tance i Xe ectrode can
be changed,elaw:tdre nord britved etlfsﬁjjaﬂsqcr@ﬁd%%m @@e}%{ffl@ariéd’ the

[0034] 15  scannildg i8R efd et thate l”l@lé&@f%é‘gfétrﬁ' 2l g hepi xel
el ectrode formthe gate-drai n capacitance rﬁ%‘éiﬂt hat he 35 si gnal

line and t H@RASHEIEIRACAGde Flop ﬁl@ﬁ@ls%hﬁ%@ g pixel s1ettrode form

source-drain capacitance (Csd), the storage capacitor line and

the pixel electrode form a storage capacitance (Ccs), and the

pixel electrode and the opposed elecirode form liquid crystal
20 capacitance (Clc}).

[0026]

The other of the pair of substrates includes the opposed
electrode. Since an electric field is formed between the pixel
electrode and the opposed electrode, and since each of the pixel

25 electrodes is individually contreolled by the thin film
transistor, the orientation of the liquid crystal can be
controlled for each of the picture elements, and thereby the
whole screen can be precisely controlled.

[6027]

30 The liquid crystal layer has a region having a larger
thickness and a region having a smaller thickness in one pixel.
The light-control characteristics canbemade different between
the regions by making a thickness (cell gap) of the liguid

. crystal layer different for each region.
35 [0028]



12 capacitance (Csd), that the storage capacitor |line and the pixel

el ectrode formthe storage capacitance (Ccs), that the pixe

‘el ectrode and the opposed el ectrode formthe |iquid crystal
capacitance (dc), that the ratio of the gate-drain capacitance 5 to
the total of the gate-drain capaC|tance t he source-drain

capaci tance, the storage capacitance, 8 the liquid crystal
capacitance (the value of this ratio of the gate-drain capacitance is

hfertelhnaflter set aﬂ%@)pliﬁldleflfeeﬁ%ﬁef% @@9511@%&{1& réatCéruroq ?h?”ﬁﬂ&ﬁure
(0] e plur Ccol O e rati os o

oat e dr ol b SR e E0t B BRI P D SbE R P VERG BPCE GRS ePOhERL e
of the pl uraalsmaylbér cuhmlsne$heoﬂ|tmeerbﬂ@mdﬁe¢menal heaVar gesdngathe
of the gat t

gate-drain capacﬁgﬂggcél}?%g/lgeg éggsoﬂ% ésdrr% | €5t ng%?olso?ortlﬂgcigd
gat e- dr &i n *aplei thhnet 1 ro638psistor having plareerethainsl rhethatnesy
of a of the g "chrr%l%.l%@t ghé e %ﬂﬂﬁgraﬁglgke% sﬁrm%@d qtrh%e one

Furt her, when the valués of a are set In the above-descr rang

the 20 dif fRirkfee HoEWEERTNRd HiCthuRPESpBSEI™PENt AiesIBECFHal btween

respective fi€tsuie el emeat soganhe ek m@@h@l&tﬁm ha&ellmq%er also
sticking can %e suffici entI sueg)gr sse [0036 It is prlgferre Ea
5 him

in the one Pictur® e‘?%n%%tc ) of Tt IRERT e¥hOhsRT cdet TR
(" Opi X LA n)txGoisc(steod) ") btbtras ares) tiye cad b ab £ ngha regien ofothed by the

maxi mum val ye, 0f, teﬁ%cttgrto%lle % dtthrPl% § gJe_ndé’laécpcrcc?cp{l%hE%ﬂCPa%é {é%ch] other.

sour ce-drain capacitance, orage capacl t ance
crystal capdisancea @@Ihel@%p@@tbqwqmtmenthﬁﬁneélww atrh-‘eth@t‘aalue

of the gat gr '%13Q:a%?d&@ér§ﬂ@e1antch%h%@ér 8- Qraber@§9e9bhaﬂéeweéﬁdthe
t he storage c amtance and the [iquid stal_capacitance Is

di fferent ot @fl%eﬁecﬁpé‘f:&ﬁénéﬁeﬁﬁﬁt‘é %fv%léem%r%ﬂ%lt @agf- When a
col or sisandrEhatavian®ng Iahﬁgéﬁsdmﬂ‘&@ellqeicﬁtl@lﬁ@téoﬂh@@@@@cﬂlﬁ/@é/ ixel

bt df t t f th | it I
Gt Fer once TRARINS f8atad BELE P B GRSH OohBRY LA e L fiioss of
smal | est r aspohsquideffystiani aysrb%rat whess DFT thiaer isrph Isest] lreaspliomsee 1

coef fici ent,; {9034 cbﬁné%tgﬁeégrar E)quEaIia&léggrB&iéellhﬂ %q;errqql%g 3 region

configured
having a larger thickness of the liquid crystal layer, the

20 variation of the optimum opposed voltage between the picture
elements can be suppressed on the basis of the characteristics
of the TFTs.

[0029]
The configuration of the liquid crystal display device

25 of the present invention is not especially limited as long as
it essentially includes such components. Preferable
embodiments of the liquid crystal display device of the present
invention are mentioned in more detail below.

[0030]

30 It is preferred that the overlapping area of the scanning
line and the pixel electrode that overlaps a region having a
smaller thickness of the liquid crystal layer is different from
the overlapping area of the scanning line and the pixel
electrode that overlaps a region having a larger thickness of

35 the liquid crystal layer. Thereby, the value of the gate-drain



5 by. a plurality of sub-pixel electrodes divided fromeach other in
one picture elenent, that the thin filmtransistors are connected to
the sub-pi xel electrodes respectively, that the storage capacitor

| i nes overlap the sub-pi xel electrodes respectively, and that the
liquid crystal display device 10 includﬁﬁ a driving circuit which
inverts the polarity of the voltage of e storage capacitor line at
regular time intervals. In the follow ng, the nethod, in which one

picture el eBiciitrkNiEgh) %I@aedll%ege@nmh@@&aﬁﬂlﬁ l%lﬁté PhX€he pixel
el ectrodes in this way, is also referred to as a mul drivin

met hod. W& SSHERds GeRl Pey CoRTNgRH- pRARE| h%n%etm%a%ssgméa%%ﬁ% B pent
t he sane pkﬁﬁu&ﬁg@eﬁﬁﬁﬁmé&m are respectively driven by different

ef fective v% 3 a state where different y characteristics are
mxed is forire so that the visual angle dependency based on the y
charactérlstlcs danibepekifarnatiethaturideve dririnareasefi hheéheignal

number %%Heaa'dcf‘%ﬁtfﬁgx%% Bﬁ%\é‘ﬁ?%ﬁg PYagr Lyl EQa%Be SPQ%P&ﬁ%aVJ_ng a

electrodes y the nu riving nme using t ange
vol t age of stied Istiothgekeapacet dhe 1 heulfooasl-al lpgeprief difégrepatfrom

the ratio efpd B%e%igb?(a’lﬁgcéﬁé‘&'c;@ﬂﬁé 2Ry 1t hlh@smgttﬁénpmelt@i@étmde
the gate-drain capacitanCe, the source-drain capacjtance,

storage capa&t Qﬁéélagﬁdat?@}‘?%@aﬁl@ﬂyét]aal‘r%%f)ér?}%%ﬁﬂ?ess( Pﬁetk}ﬁl %Feqlb]fd
this radi o afyddag SLtaq,reage @&@a@b@ancael Srallﬁéebﬂfafch%r ssgeltro@sdlﬁ)alms

d|fferent for ea h o t ture nents t he
col ors, r‘rgﬁal? f}%rﬁn%‘fl 05 ot ﬁ sf’%?%%%ujé %@l)ﬁ[d %]88 pixel
respectivewﬁaﬁﬁmmdaa¢amobetheapgeﬂurendlhﬁBQESmorethelpahlaJadyuxﬁment

col ors, Ej #ﬁg Jween the largest ratio of the storage
capa0|tance “and tfe smallest ratio of the storage capacitance is 1.0%

or less of tW8Zdmallest ratio of the storage capacitance. 14 -

Advant ageous Ef f egt §s%réﬁé’§f‘é&l%i@@%%] overlapfﬂ.h d&s ldruhd storage
crystal display device of resent |nvent|o e variation in

t he
opt|nun1op6€§§ﬁ”¢6¥%éd@ei§n§ EEFLE&%&? %ﬂ&ﬁ? itcPYPE L@PEnRnt’ILon
and hence therigen @r &= ef urrmgmesets (03 5if rtgqecaﬂmcbﬂcswmmam Hrs

EF?ERLIPD oé;ﬂ?:& ron{ (%?14013v]é lﬂn% % I ggrghe séogagghggp?ac:l.tor

line and the pixel electrode that overlaps a region having a

20 larger thickness of the liqﬁid CryStal layer} Thereby, the
value of the storage capacitance (Ccs) formed between the
storage capacitor line and the pixel electrode can be changed,
and hence more suitable adjustment can be performed.

[0033]

25 It is preferred that the area of the pixel electrode that
overlaps a region having a smaller thickness of the liquid
crystal layer is different from the area of the pixel electrode
that overlaps a region having a larger thickness of the liquid
cryétal layer. Thereby, the value of the electrostatic

30 capacitance (Cpix) formed by the pixel electrode can be changed,
and hence more suitable adjustment can be performed.

[0034]
It is preferred that the scanning line and the pixel
electrode form the gate-drain capacitance (Cgd}, that the

35 signal line and the pixel electrode form the socurce-drain



arrangenent configuration of pixel electrodes, TFTs and various |ines
of aliquid crystal display device of Enbodinent 1. [Figure 2] Figure
2 1s a schematic plan view when color filters in Enbodinment 1 are
arranged in a stripe shape. 15 [Figure 3] Figure 3 is a schenmatic
pl an view when the color filters in Enbgginent 1 are arranged in a
two-by-two matrix shape. [Figure 4] Figure 4 is an equivalent circuit
diagramin the liquid crystal display device of Enbodi nent 1.

20[ Fi gure j i S 1 - i i ;

exampi & (Eiﬂaa%%ﬁj% (g FIETELE EARPEEp ONR0 MiH Fha ¥ pixel
Enbodi ment el & fire & heolSErrpidet GRPAELERBRES (6FS) edthgFeBhs RbEEL
blue are usadot dddIWrel Blndi GBS &L | S1 ScSENITBE b £ CERAS ST 5@E1d 0f@Ystal

vi ew of one 25 exanpl e nmpl.e 1) . of the liquid crystal .display,

vt co of | EREGH HEICS (RAES o1 T bhP S IO Bitckits SoUParEnis erbseiance
green, bl ueo am@d yekldwodr ehesgdtef8rgliinecdpaEiganee/ tiseassehesadtr£in
pl an vi ew show n first e l.e of TET.I iC {ze a

b ath o TAes s | agers Broe gareta retd capdnabEct Supdir e
showi ng a secevwd teray| et FHTud rofvtilchs theet 56 zef ofhe haabetdmdrh is
adj ust ed. i : i.qu N Cc LC. Pl i rge

Vi ew) shovx,iur%é:%[%lgca%]eccegr%% é)%grrﬁ}néfgfe §TE$E?%1}5 v%)ioclﬁsnt%ef%\gr(zezl@o? Oghg%ﬁgl of
width is adjhspéatuss immgne P6)ths geeaio tysoh codrerat 324 Hihas V3 BoRg
show ngpa tiHd datidsexemPleegft e TEFai R ML dree S rzepet tahanpedb vk di by
i s adjuste Figure 11] Figure 11 is schematic, plan_view (enl arged
vi ew) showi''f tHE FhiTd S dnpreE Sﬁiﬁl'%kﬁe W]tﬁgys‘?gec%fo Fran é?

wi dth is adjiiifsieatbnde [Heatgiren Lite HiatgestlZrdaisia sthematgate-drain
Cross-sect icon I<:i\4:ia W Ofarﬁi li’ih Uigm (ﬁ[yéé@lrad&iscpl 19’:? i@ftgidgfrqpl e 2.
[ Figure 13] ¥ gure i€ Schemati ¢ CF 055-sect| ona iewof aliquid
crystal di spiracidevice iof Béampt elsss of thFignaklas] Figueecfidthe a

schemaikc JQss-HeCH Q{%J vigwof 10 a liquid crystal display device
of Exanpl eq%. Figure 1 ]a F:% gure 15 is a schematic cross-sectional

view of a Il ™ crystal display device of Exanple 5. [Figure 16]

Figure 16 is a sghenal G- HANSSEFaHAONHe WL dhey ldfuirl Chystate

di spl ay device of Exa Ele S. 15[ Figure 17] Figure g}lls a S%g mat i c

o1 o0bs- sect (RIS ANof " S| FAARARERySIATE IS SPA) GbPete of CEXARpH oVeen

the values of o are set in the above-described range, the

20 difference between the optimum opposed voltages of the
respective picture elements can be eliminated so that the image
sticking can be sufficiently suppressed.
[0036]

It is preferred that, in the one picture element, the

25 value of the response coefficient ("Cpix(min)/Cpix (max)"™)
obtained by calculating a ratio of the maximum value of the total
of the gate-drain capacitance, the source-drain capacitance,
and the storage capacitance, and the liquid crystal capacitance,
with respect to the minimum value of the total of the gate-drain

30 capacitance, the source-drain capacitance, and the storage
capacitance, and the liquid crystal capacitance i1s different
for each of the picture elements of the plurality of colors,
and that, among the response coefficients respectively obtained
for the picture elements of the plurality of colors, the

35 difference between the largest response coefficient and the



[ Figure 18] Figure 18 is a schematic cross-sectional view of the
liquid crystal display device of Exanple 6. [ Figure 19] Figure
19 is a schematic cross-sectional view of 20 the liquid crystal

di spl ay device of Exanple 6. [Figure 20] Figure 20 is a schenmatic
cross-sectional view of the liquid crysﬁ%l di spl ay device of Exanple
6. [Figure 21] Figure 21 is a schematic plan view of TFT show ng
an exanple in which the size of channel width is actually 25 adjusted

in Exanpl e gha [ QUr& ifdndd E&r 22cisn@ K aph Shovedg & rehat 4pashe or
bet ween the channel size ratio and the cell thickness ratio. [Figure
23] Fi gur e ZEPRSE et G et an vi ew showing a region in which the
gate bus lippm=znd the drain el ectrode overlap each 30 other in .

Enbodi ment 1. [Figur.e 24 igure. 24 is.a schematic plan view show n

2 gl on i n uhi oL HE SAESBAEY tha TS RERET aF hoaF BERF ol Boer Ghred
each ot Ber by aBpbodabheny df sub-piEilgatec2Epdfbgiiel @& ifgam sebbnather
pl an view s i ; i i i t i Ahds

drain el ectslrt}g er{%\}%?'{tg%ée)}}:%ﬁélﬂgz,’m@ iﬁ%ﬁ)ﬁ? tr:fé%rh 1&% Fi guJ%(EPSZG e
Fi gure 26 shuwmearedtanphe subTPExeA ®hEchropessigereftifely, that the
over | appi ng@@ayofcdhe gade Dused ides thee digh I Bt Ectsnaler # 84
e e O T o e 8 8 e T
in which t «dl h ;

[ Fi gur 2027]irki gudess 27 drfiovismcariexanpl ehdkhTEhivertshibl pbeasize of the
2 usted | TATE B ERITE SPOTEE SR oP T & 2a S U B R e A -
form in whiloh tihee fdildemsingn dheomethedlﬁmlgﬁdmﬁlbﬁerggtereselsment is
changed. [Fi 2 [ e Fl d i : ;
si ze of thedcg%/j{ar‘recflalgépcl1 %g%%%&%fﬁ?ﬁﬁéég?%%gah ggiggljdglt%%%%%% ibPenis

el ectrode " ¥adj ilstERq rfRr st e vfa T Sholil T FiRRiFRe®s, When a

and shows g ifigFdm iy, W cdd-her b 1medisd o glfe Hf a td16s AFIn $EOWY | Ph & ghthe

23 is changed. [Figure 2%% Iggure 29 shoms,aquﬁgqfle f t{T %n whi ch

the size ofP¥HSR FASP NP A DIFTTRE Gt ¥ blisTF P e G

el ectrode et fddiisteddlnt aees e xagph e Ofhdid Showydit i @hiiLadBerdtics

and, shove 2 JOLIULE Y0 £DLL0S, AJTeRskorng? Alud1enbit SBRURALRCE! Bk Ey
on the y characteristics can be eliminated. Further, an

20 increase in the number of extra lines can be prevented by driving
the sub-pixel electrodes by the multi-driving method using the
change in the voltage of the storage capacitor line.

[0038]
It is preferred that the ratio of the storage capacitance

25 with respect to the total of the gate-drain capacitance, the
source-drain capacitance, and the storage capacitance, and the
liguid crystal capacitance (the value of this ratio of the
storage capacitance is hereinafter set as K) is different for
each of the picture elements of the plurality of colors, and

30 that, among the ratios of the storage capacitance respectively
obtained for the picture elements of the plurality of colors,
the difference between the largest ratio of the storage
capacitance and the smallest ratio of the storage capacitance
181.0% or less of the smallest ratic of the storage capacitance.

35



[ Figure 30] Figure 30 shows an exanple of TFT in which the size of

t he overl apping area of the gate bus line and the drain electrode is
adjusted in the exanple of TFT shown in Figure 24, 25 and shows a
formin which the dinmension d3 of the TFT shown in Figure 24 is
changed. [Figure 31] Figure 31 shows ag exanple of TFT in which the
size of the overlapping area of the gate“bus |line and the drain

el ectrode is adjusted in the exanple of TFT shown in Figure 24, 30
and shows a_ggf ém% d e di rensi an dde of, t he TFT shown in Figure
24 i s change [ Figure 32] Figure 32 shows an exanple of TFT in

whi ch the sﬁ%&?%ﬁ the overl apping area of the gate bus line and the

drain el ectrode ivs @ajard G_Ciqd’id her yeadTp| 81 9f 1 alF-Tdeshiovd dn ﬁi@l{ﬁ@s?éht
35 and shows a formi nt[vvhl ch t di nensi,on d4 of the TFT

Flgure 24 1Y 18 e T o T SRt HRRRA TS T DR e
showi ng5a ra&gjmémbwhwelant’d‘r& gat:eulnESelemm’ltasn,dahldehqmcxerthel@@memimon
overlap each o in gﬂg ihg a formin which a

nor mal gater]fS HJ.‘Elsdeflne an dda nor na b’k? pi eﬁ%ge)%%e%]’trode overl ap each
other. [Figure 34] Figure 34 is a schenatic plan view show ng a

region in which the gate bysigg q@amgflﬁ)@@@b@m(g@de overl ap
each other in Enbodl ment 1, and show ng an exanple in which the size

of the overl®ffilhg area of the gate bus line and the drain 10

el ectrode igriaginestied.ridgure i3bla E@t&r@a% i1S1an Sxﬁir@mémwm@narw ew
showi ng a region in |chthe %gte bdqf1 gaﬁdthe }fﬂ el_ectrode
overl ap ea THETSH EﬁBSﬂFHﬂé 190 UnR EROGTG Y rrﬁ TS AR thous
t he size oflitdees averd adppiunigs arnesstofl tdiesmlde drsside nef dioddveneniai h.

15 el ectrode..i dj-ys B gur

relati onsh?@%& Jzﬁ %‘ﬁ%ujf% ajrri({ggp%rsl‘s:gJ H{aé{r}:g&{ ﬁlgﬁ 4”? 39{/?5‘10?83(%9%?%
rate. [Figume Brjodhimpnte Bats arguresmtit alllféil\f@?ﬁ)vﬁh@%. di spl ay

state ygen (g fH'jJJe%PngJe tjﬂelsdlatfﬁmwdﬁm re80PNS€en the color
coefficient 20 on the display was investigate gure 38] Figure 38

i s a graph SHe@Y & sﬁ]ﬁoﬁﬂf%eri’tan]gea"ﬁﬁ EElh%arf OJI’%e‘E1 c‘&é‘fﬁ'}?iﬁ i‘éﬁ? matrix
expr essed tgh E@JIX (nm! Cpix (max) ." [Figure 39] Figure 39 is a

hemat t t f |
ol cotr odes (RSt VoD Do | Hs BTttt G LRyt AP e EH ayp the
devi ce of Enﬂ]t_pdldr&:niys'd:al[ Ei:ggp]mymjeﬂcgmrcef Ainbesd mmeregul val ent
Ci rcul EOdI féq 5t h?lhﬁgg' A4 gségﬂjeﬂ%i?ﬂ: R é“ §eec1:01}ccEr|1:?pP elqu
[ Figure 41] ure gnal i xe Fiv

is perforngxkample (Example 1) of the liguid crystal dlsplay device of
Embodiment 1 wherein three color picture elements of red, green,
and blue are used..
[Figure 6] Figure 6 is a schematic cross-sectional view of one
25 example (Example 1) of the liquid crystal display device of
Embodiment 1 wherein four color picture elements of red, green,
blue, and yellcow are used.
[Figure 7] Figure 7 is a schematic plan view showing a first
example of TFT in which a size of channel width is adjusted.
30 [Figure 8] Figure 8 is a schematic plan view showing a second
example of TFT in which the size of channel width is adjusted.
[Figure 9] Figure 9 is a schematic plan view (enlarged view)
showing the second example of TFT in which the size of channel
width is adjusted.

35 [Figure 10] Figure 10 is a schematic plan view showing a third



30[Figure 42] Figure 42 is a schematic plan view showing a range in
which the Cs bus Iine and the drain el ectrode having an expanded
region in a part overlap each other in Enbodi nent 2. [Figure 43]
Figure 43 is a schematic plan view showi ng an exanple when the Cs
capacitance is adjusted by the overlapphgg area of 35 the pixel

el ectrode and the Cs bus line. 18 [Figure 44] Figure 44 is a
schematic plan view showi ng an exanpl e when the Cs capacitance is

adj usted byt he, Qvesd apRi 1Y A& ehe Bezpi XelcrplBEd T edeitandst H8) 6Steq.
bus |ine. PFlgure 45%,F|gure 45 is a schematic plan V|eM/shomnn§_an
exampl e 5 W 1 EagUEPthhdS PsSabfTRtLa DAL Ne W 4FNABPPRE %t ew
of the pixelh®lacs rmode tandd Beafplbust| THE. i Firglute t46] sEkgube dbansel
a schematic 9% n vi ew,show ng an exanpl e when the Cs capacitance is
adj usted by e’ verdappi it area of the pixel electrode and the Cs
bus |iné. 1w e 247|Fiuw 6247 si 8 achewmetocntcrhastsshonwbnglt ibe€sof
anpl i tude Q?qﬁ_ Al disdrdvesd f oL JFigu e A8, Figure 48 is a
schematic plan L?/"lllew S O%{ ng a %S%fr?%{ti n ‘\;/%?%h pi ct urﬁ% el enents of three
col ors are Bemie IBibddigvas 13 1s52] Framatag] CFpgareegdippag view of
schematic pf an piey Shewdo & 4 e Lo Pietame &l grents of four
colors are useéﬁ%n Enbodi ment g?%?%igure 50 ,Figure 50 is.a sihenatic
vi ew showi nif &St i i 4aHiteh 14 Wi e SRPREBW FsCHPSPra§etionas view of
hal ft ome backgirquingl. c 204 # Yutiesdldy Mgt @ 5Jf | Bxamstdiednat i ¢ vi ew
showi ng a sE te ofjﬁgh%Lprne %oLgd di% Iaé aftegoghgsghkggna'nggm%igf
elininated.éaﬂ%ﬁﬁe 2]Jﬁfdﬁ?& 525 & 3°seR ﬁﬁ i & VP 8w S oW ng S|g%a
wavef orns of ltimeiidt atrysiodl adfespofy taev ptxedt dlezipbales. arr anged
adj acently 0 ek u%% RSCR! BTEgNeQEtENBQgBQ/ENﬁcE?Qﬂéh view of
The present invention Vmﬁq e nentioned in nore detail referring to
the draw ngse nlidield ot oRlialy EHvR et &l co Rt iBXFP ot inited to
these egbodigeAlse 10042lgure 17 is a schematic cross-sectional view of
a liquid crystal display device of Example 6.
[Figure 18] Figure 18 is a schematic cross-sectional view of
the liquid crystal display device of Example 6.
[Figure 19] Figure 19 is a schematic cross-sectional view of
20 the liguid crystal display device of Example 6.
[Figure 20] Figure 20 is a schematic cross-sectional view of
the liguid crystal display device of Example 6.
[Figure 21] Figure 21 is a schematic plan view of TFT showing
an example in which the size of channel width is actually
25 adjusted in Example 1.
[Figure 22] Figure 22 is a graph showing a relationship between
the channel size ratio and the cell thickness ratio.
[Figure 23] Figure 23 is a schematic plan view showing a region
in which the gate bus line and the drain electrode overlap each
30 other in Embodiment 1.
[Figure 24] Figure 24 is a schematic plan view showing a region
in which the gate bus line and the drain electrcde overlap each
other in Embodiment 1.
[Figure 25] Figure 25 is a schematic plan view showing a region

35 in which the gate bus line and the drain electrode overlap each



Enbodiment 1 Figure 1 is a schematic plan view show ng an arrangenent
configuration of pixel electrodes, TFTs and various lines of 35 a
liquid crystal display device of Enbodinent 1. As shown in 19 Figure
1, one pixel electrode is arranged for one picture elenment in

Enbodi ment 1. Al so, one pixel is configgred by a plurality of picture
el ements, and hence each of the picture 8l ements is i ndi vidual l'y
controlled to control each pixel, and 5 to further control the whole

di splay of the/ |qp@9ﬁﬁﬁygﬁéyt q!splay devi ce. [0043] Aliquid

crystal display device of Enbodiment 1 includes gate bus lines 11
ext endi ng i[F iR /] dF+@eEe P chaveral PR eti 6hT , 1mndisbukhe Hise

::l neﬁ 12 e@@fﬂiéﬂgmeﬁ»ltaﬁ» mj ladldﬂaG:tHé)ﬂga(’deDﬂ:gisI udiralarth rged idmin
urt her, ysS pl a evi ce TET .14

connect ed t d%f 1Fh%éb‘é?1ée% %Pﬁe@ﬁ“% Q[tuggio%}o“gl BisFEPRES 23
The TFT514an§_ahsascanﬁ@nhad1M@L@hptheldehenSnodedlﬁnfEhetméﬁ shben in
liquid 15 ct.y e includes a Cs bus line 13 which

overl aps aﬁiﬁi}fa. apa%{Q¥}qﬁ¥é§plxel el ectrode 15. For exanple, as
shown i n Filguiraire, 2t7'E|eFL:@ub@|sﬂ Shews3a i & ¥asmis] of oT BX tish#hilght Bbe rovee

direction sg gg,d VR hg; %exrzetaeroﬂooarﬁé %tcaf gie Pineelargd agld Qfteain
15. 20[ 0044] nment of color filter IS

arr anged f@rletﬁﬁoﬂecﬂﬁr%dw%ﬁ%%tln Ehﬁrﬁff%‘%?%? q%EFpg'q{};@m tReFhEHBEI23 -
and t hegar rapgemelis Qrﬂ@meﬁ1Q@hQﬂ§tﬁE dheepsChr€l elfemert $FT shown in

configurin i.ncl yde, t are not limted in particular to, 25
conbinatio%@*ﬂgﬁ%?3 %q§§ W&%#‘and RGBW The col or of a picture
el ement is [deitermd A8d bjgared bshbivst an .exbugnid e OFT air agemehhe size
forns of cal filter A St ty

5OF e | érﬂh(ﬁ.r‘ﬁj d# %Wq{e%en zﬂﬂﬁmﬂlé "Hrain

Figure 2, in |ch colo éf's are for
| ongi t udi nalladitresstd o8 2@parce@ss sheteramplo @ ?Fﬁfsﬁcﬁ@w bigare 23,

el ectrode, Angd s%oh\éoabf&mmlﬂaﬁ @heaagﬁaﬁgaohaaz W f@W 760! 8k Swnasn
shown |n Figure 3, in which two color filters are arranged in each of

the row di Fe&i%h Zhd & K& Shn direction. [0045] 35Figure 4 is an
equi val ent [Gtiliiid 200 agi gt é 9 BRokisqah example of TFT in which the size

of the overlapping area of the gate bus line and the drain
electrode is adjusted in the example of TFT shown in Figure 23,
20 and shows a form in which the dimension d2 of the TFT shown in
Figure 23 is changed.
[Figure 30] Figure 30 shows an example of TFT in which the size
of the overlapping area of the gate bus line and the drain
electrode is adjusted in the example of TFT shown in Figure 24,
25 and shows a form in which the dimension d3 of the TFT shown in
Figure 24 is changed.
[Figure 31] Figure 31 shows an example of TFT in which the size
of the overlapping area of the gate bus line and the drain
electrode is adjusted in the example of TFT shown in Figure 24,
30 and shows a form in which the dimension d4 of the TFT shown in
Figure 24 is changed.
[Figure 32] Figure 32 shows an example of TFT in which the size
of the overlapping area of the gate bus line and the drain
electrode is adjusted in the example of TFT shown in Figure 24,

35 and shows a form in which the dimension d4 of the TFT shown in



20 crystal display device of Enbodinment 1. In Enbodinent 1, a circuit
pattern is formed for each picture elenent (subsidiary pixel), and
‘hence circuit patterns for two picture elenents are illustrated in
Figure 4. 5[ 0046] A liquid crystal capacitance dc is formed by
t he pi xel electrode and the opposed ele?Zrode whi ch are arranged to
face each other via the liquid crystal yer. The value of dc is
dependent on an effective voltage (V) applied to the liquid 10

crystal |aygiy iy the jRaidhLfqeRd ectrodes. A storage capacitance Ccs is
formed by the pixel el e,ctroge and the Cs bys |ine stor%g)%ica aci tor
[

line) whicHEH & PARJEEIE® FPak &S ARG VPa2BY 1515 G fayetion

A gat e- dr aiim wBpaBitlane@t6yPubsl {19 r@d bye thiecel xdlectirecter oderaad ddweh
gate bus Ii scanni.ng,line) which 15 are arfanged t.o0. e

other via SERToEh e RO 1A e tiR A QOR3R 1B S fRdr gare
formed by thes diixel agidect medemangitted sderaderduiss dvarel ysigpdl dtibmy).
whi ch are afry; d h.ather.,vi ] |.at I e 5l i,
20The TFT (EREE P 8 e T L e a o Lo
of siliconimnbichethe loateahyst hiee agdebhe difiese b lefdicsePBREL BHE

source el ecitRgde; nafthed e 1€l 8808y idherPexshpekent odeH She size
connected to the drain el e,ctrode of the TFT. The a.t,e el ec r%le C?f .
t et e ralin

the TFT i s “ofdct et @RSy 2T 9 97 Sath
el ectrogde eflddtecler iiss sepnnaaiced to the source bus l[ine. [0048]

A [ i.gnal ied t h te bus.li ' | se-.l i :
manner at A TG 2P pRITET hgi € SOpTred ¢ B ahcr ab BEvERY Feroian
a predet er nimetithnilng gelbe binel beewect the pwiel vdecdrode ovhekapigrch
wri ting, t&ﬂéﬁn%rﬁ%&ﬁ@&yw%h&' wiig WekbiiBle MG ANchEBIL e
signal supplie romthe source bus line IS applied to the_ pixel ]
el ectrode cdnrid@ evard atdMEREdE G iBe FH& B forhe Freddterds g

time pegiodie3Bddhe d nppfupfed he scanning signal. 21 004] _

The i mage SIQ_qnaI h%w ng, a Jgr %det er m Qed level , which.i ﬁ.v\%gf_xtgﬂ%l N een

the 11 qui d GHEAER SPAyDIOHER 6aih DBZERE TRCYHRE FEhBhLEns BT

for a predeftey mmed tggrm qerdrad, tetapdn ddevdl pigeel aetecd T acketen t h

pi el | of octOde =P | br W Fad® SrahaT oS apar? EHOURE T BgE Ergnat o=

hel d bet weerharhehpiioeil veinert o fddrcanitll f heenppdsethelresprode et fealent

o med P B SREIR I SRl oge CopenL o, St

bet ween t hel Fiigvale dfdctirisheearn® fife20gpabbdsbPEépgogesuitable range of
the response coefficient expressed by "Cpix (min)/ Cpix (max)."
[Figure 39] Figure 39 is a schematic plan view showing an
arrangement configuration of pixel electrodes, TFTs and various

25 lines of a liquid crystal display device of Embodiment 2.
[Figure 40] Figure 40 is an equivalent circuit diagram in the
liquid crystal display device of Embodiment 2.
[Figure 41] Figure 41 shows signal waveforms when a multi-pixel
drive is performed.
30 [Figure 42] Figure 42 is a schematic plan view showing a range

in which the Cs bus line and the drain electrode having an
expanded region in a part overlap each other in Embodiment 2.
[Figure 43] Figure 43 is a schematic plan view showing an example
when the Cs capacitance is adjusted by the overlapping area of

35 the pixel electrode and the Cs bus line.



[ 0050] Each of Figure 5 and Figure 6 is a schematic
cross-sectional view of one exanple (Exanple 1) of the liquid 15
‘crystal display device of Enbodinent 1. Figure 5 shows a case where
three color picture elenents of red, green, and bl ue are used,
whereas Figure 6 shows a case where four _color picture elenents of
red, green, blue, and yellow are used. ﬂ§051] 20As shown in Figure 5
and Figure 6, the liquid crystal layer 1 of the liquid crystal

di splay devigenle EXQMIGh-L 18 ih] 2GR ARIREP1 Bn PRIy %oﬁi‘ﬂ@%t P f8mple

that is, an active natrix substrate 2 and a color filter substrate
The active Wh&T thesGpFrRa@lDameR i BrNEPtereRY ridie LT 1amP MKk 286RPE

filter 25 siesty la;é-:'l ?eltasc@du@megl@l@@tﬁwelﬂze Further, the col or
filter subs rate Eﬂs coIorﬁgllters 31 IuraIitgaof coIors

n
one pi xel HIEE £5e et phet el RO HBRAT crafle
Figure 5, mhmﬂethelos dapd et sante ried a8 Rstgelen 315 ovand dppiend3dBear ef

used. Int e e 0 I F' r , lor filters red

31R gr eenq%fa)%’ajbrg)él %1% gt Bl Suse [0052] As
shown in Filguirg: s 4ad EF.hggmee46 1& hésc&@rﬂatgaml@n Wigkhakgesngfan gpeanple
liquid cryshaly lt%e& @épawft@h@é Lirse aééu%k%m%%@é %vdérfla‘%fgﬁ@l? fa%ga\ of

each other 1 n Exanple exanpl es shown in Figure
Figure 6, tHe tHﬁ@(lne%]sec(tbré?cﬂega&}?} ‘Eﬁe t% RuguttPerystal layer 1

correspondi Mg g hey blfth.ez;Lmes:tw ei | £MRiKe £ Srif ofE@el t Shonsrig tfles the
t hi cknesses eIhE? of the_]s d cr stal_la 1 corresponding

er
to the ot hé&™ Ht Shehtst S PHet Pt ewi ng angl e
characterisﬂaxguzﬂ14&a au@mewed8lmscmnyahemanimwgﬂaniwaawaseowhegeatﬁerm

thi ckness afy LOEcLAUL, AL USLAELQVEE cho oo SARE Ll gl thBnBl st s

el enent s. a voltage app e i nside
t he quuidi%rystal I ayer 1 t hrough the electrodes 41 and 42 of the

pai r of sSubstralRS 4oy (ﬂ"lt;fu‘%ree@b foraeaolepiciung B enrit sh-ga'l%g' 8 form

because the thickness t he qU|d crystal layer 1 correspond |ng
the bl ue piidt ﬁPéCQIIéh%‘h‘EriE@Js@é‘tertbrﬁ RheFOh &R LPF S ﬁéettrﬁ%%éls%%go %ment
the liquidzxrystal layer 1 corresponding to the other picture

clorents | GRSy ALLAS Sl o aapact aue LALIBLLD L0 4o
el enments. Whissh ian vithiet € agnddw f 0 ndlhgp Ba yed t or gaphabif ogerlad¢lonroand .
Optrnugbcuu¥giéhre 51] Figure 51 is a schematic view showing a state of
a halftone solid display after the white window is eliminated.
[Figure 52} Figure 52 is a schematic view showing signal
waveforms of the drain voltages of two pixel electrodes arranged
adjacently to each other.
25 '
DESCRIPTION QF EMBODIMENTS
[0041]
The present invention will be mentioned in more detail
referring to the drawings in the following embodiments, but is
30 not limited to these embodiments.
[0042]
Embodiment 1
Figure 1 is a schematic plan view showing an arrangement
configuration of pixel electrodes, TFTs and various lines of

35 a liquid crystal display device of Embodiment 1. As shown in



20 voltage is different for each picture elenent. [0054] In
Exanpl e 1, the bal ance between the values of a - Cgd/(Cgd + Csd+ Ccs
+ dc) of the picture elenents is adjusted using the channel wi dth of
the TFT. Specifically, a TFT having 25 a smaller cell gap is arranged
for the pixel electrode having a |larger area. Therefore, the channel
width of the TFT arranged for the blue gicture el ement is larger than
t he channel w dth of the TFT arranged for the red picture el enent,

and is |ar ch v¥! %f FT. f t
pi cture BOQEgjlge&rrgeent ere %/Cép d%_slsbgéséla%?gg? ogéﬁsgﬁ gégj ust
for each ofeldwerg c?trurE’etheJCeMﬂts 1.t hélbalance inxehelgat:enémuﬁed by a

capaortancepl( idPrded %1%%65@1@%&1&% anent Be Qhéeﬂalcture
el ectrode, e source rain capacitance (Csd) forned between t

source 23 ebkenemﬁrfe l&nan@h'élﬁi@elyé?%‘ﬁ%]d]eed ﬂ:ﬁecer%rabee%%@éﬁeéncend

(Ccs) formag beimaedr tdeniGoPushd o BOdd1 el Py xef ehecligded apgsthe
liquid crystal caéfpéiltance (dc) fornmed between the pixel electrode
and the op $Yofe. 5[ 0056] Figure 7 to Figure 11 are
schematic plEM3ji ews respectively show ng exanpl es of neans for

the proture of omente ik earoral BRI depi el dr Gl ala 2l MEEDiqes
a 10 TFT 14ate domekings tbl emxtending ght etlbrisrow ndlugchhen a( Sauetal

bus |ing 1%11rTétec T&T 14aﬂcrlcgarsileee 18is COMPODENS Sex BeR@IhE ONHUELET column
| ayer fornmed of |con and the ]Jike, a source electrode 22 extended

froma par tdweqqﬂ@%o&wﬁ}é&r?% dpregt Hmi n & te B thiguid
suppl i es ancdymael siawmlaﬁ Herildee i h21saWECEe DEB 14 onhedted ke ebxﬁl of

el ectrode vi.a the seni canduct.qr ,_and a ect r.ode

region of t(HE F4t %1 f%‘ &\Mﬂygﬁ‘eresﬁ%‘\:e i‘ﬁ r}% i
sem conduct:cer aﬂapeconx[r@@ﬁén}i t‘Ehe mliseeh eéJeecttrroca@elBB |]§J3eb<ku@n,d¢dhet diauid
h f

the cenger of fgﬁrsglgg(u&sv FLe %g,l%oua bq{ﬂgn{eolf‘é%eic% S%EE‘AES

spread. "A cont The J nsuratin
formed on aitpbﬁtiﬁlbna paxsthevichg riek e%e@tgpdeabﬁ a®n ﬁearapéen as shown

el ectrode 23, gnd.fhe1pi kgl €4 qﬁg q%@rle ekegbrhealdy samretiedthe row
each other 'via the contact hole )
direction so as to cross the center portion of the pixel

electrode 15.

20 [0044]

In Embodiment 1, a kind of color filter is arranged for
one picture element. Examples of the kinds, the number and the
arrangement order of colors of the picture elements configuring
a pixel include, but are not limited in particular to,

25 combinations, such as RGB, RGBY and RGBW. The color of apicture
element is determined by a color filter. Examples of
arrangement forms of color filters include a stripe arrangement,
as shown in Figure 2, in which color filters are formed to extend
in the longitudinal direction regardless of the boundary of the

30 pixel electrode, and a two-by-two matrix arrangement having
four colors, as shown in Figure 3, in which two color filters
are arranged in each of the row direction and the column
direction.

[0045]
35 Figure 4 is an equivalent circuit diagram in the liquid



25[ 0058] The portion 23a of the drain el ectrode 23, which
portion has the certain spread, can forma storage capacitance
‘together with the Cs bus |line arranged under the portion 23a via the
insulating layer. 30[0059] The sem conductor |ayer provided in the
TFT 14 overl aps both of the source electrode 22 and the drain

el ectrode 23. The region of the senicondfictor layer, which region
overl aps the source electrode 22, is a source region, and the region

of the 35 sem%qdlaﬁsr rsgyaeevlcvgﬂioff" Ao e%vfh' 1 8% ol Bellillne 1, a

el ectrode in region e région o
sem conductdirdusytepatakicohi s giroedddes eth piaitiuge Boenent t$ﬂb%&ﬁ#%¥y

el ectrode 22 .and tQﬁfiq{éﬂdéb %E%%h&%ﬁ@@erﬁé‘%d&ht%) SRR b3 ehendkegre

bet ween t hé source el ectrode 22 an drain electrode 5 23 in plan
view, is alddawtdatiaghiigh EADUTFhérefore, the semiconductor |ayer 21
has thrge rega4gs of the source region, the channel region 21, and
the drain region

Q060Q], The nnel re I on over | ap
gate bus line 10A1%lq€ﬁ Fagsg ? @%%?%%%:Hésgg byff%ﬁ19+ﬁfl
sour ce el ecllrcatter a2z bndthleech;qm’sai edbx:dmted%Bwbmtgx Mraraasxgwdwtngface

signal i ipyt tedl Lntgt be gt g, PUSC L e 11, SLce ghlie Lengt be o1

(di stance Between e Source e drai'n ectrode
of the chamfreeilen@g}tommlan sefcfeﬁtcé?lrﬁ%ew]t@% an 1@@3&&@)&@ atlee vJaJrCEIeld

to songye stdlt l!a§e9% @B‘éfﬁéiﬁ%f{ Ql&@@fggeé he A %'ﬂgfrag@fcéﬂi'@cltance
channe re n 21 for eaé% picture elenments, but the width d

of the cha 1§§gﬁ]@}¢¢§@y5§}ﬁ Béxﬁaﬁﬂsﬁ%ﬂfo%éﬁdtw s d1ae {%%orage

channel regﬂa@}acaltd/ﬁ i HegspeGicht erkharkanged ob Eheecéaﬁnebthéglﬁﬂa&in
i's expanded e cond%ﬁ§|V|tyﬁ gigf the.TFT_14
e

| or oved. EHESiNarABECSraRRE P Fhetermed bY
pi cture el mplxelf@lmm@e ked Bhgeratthdmst hene h@mreiniwigifihng )i which

the refSan%f¥1§¥}éﬂéé&”€%E%é%g”gé%h[é%ggﬂ via an insulating layer. A
source-drain capacitance Csd is formed by the pixel electrode
and the source bus line {signal line) which are arranged to face
each other via an insulating layer.

[0047]
20 The TFT (thin film transistor) includes a semiccnductor
layer made of silicon, and the like, and three electrodes of
a gate electrode, a source electrode, and a drain electrode.
The pixel electrode is connected to the drain electrode of the
TFT. The gate electrode of the TFT is connected to the gate
25 bus line, and the source electrode of the TFT is connected to
the source bus line.
[0048]
A scanning signal supplied to the gate bus line in a
pulse-like manner at a predetermined timing is applied to each
30 of the TFTs at a predetermined timing (by line-sequential
writing, every other line writing, two-line simultaneous
writing, or the like). Then, an image signal supplied from the
source bus line is applied to the pixel electrode connected to
the TFT which is turned on for a predetermined time period by

35 the input of the scanning signal.



25Ther eby, the value of the gate-drain capacitance (Cgd) forned

bet ween the gate bus line and the pixel electrode is changed, and
‘hence, by the use of this change, the values of the optinmum opposed
voltages in the picture elenments are respectively adjusted so as to
becone close to each other. 30[0062] Fi gzre 7 is a schematic plan
view showing a first exanple of TFT in ich the size of channel

width is adjusted. The channel region 21 of the TFT in Figure 7 is
for med betﬁ%‘%g the drain el ectrode 23 and the source el ectrode 22,

and has the %hannel width of dl. The value of a can be adj usted b
changi ng 25 the TSiezémetedsidnal dachingd o beepeceurd neldeenes, FI006I]Ls
Figure 8 and.FEi qur 2 &e t ﬁﬂp 8GQRN

exanpl e of “LFI'}'Ft%Lgl cthe:tﬁLzL u|rzagdo ann\%yeélp :Iéés‘—:&g1 gjfuste lCture
channel wi dtllerga tof, mélem:ir izprmprr:eg@ﬁ@rglm@df%me@errd{o nb@twéﬁﬁei‘efkﬁ

the dragn ?:&%ﬂr QQ%C%§0@@dwEBﬁ @’i’é”ﬁ@ac%‘é %ﬁtg"r&qeag%lb_léﬁ ahseebst é{\@@ﬂ:he
the drain €&l ectrode and a_part of the sogurce

us lin
t he channelCREaHH 6?—68§r°1dﬁ ?WJS“%%’@ PREellGr i rPds gu% ?Hg 1iEge
channel wi diihyrd2 afs i 1@ JIFEN beeeres dgriwl |rerigt foafwddre themmpixel

the length 3 ortion facing t sou b | i-ne d

| ength d4 C?Femﬁ%r ?F’gngb&?%o?%(g %% troc‘i fsl(?e ]J'} bﬁhgﬂva#%gro ©
a can be agjnestestt hyichbegkaget I"téflesiBZQrafJEanp@ttléanhediCEt He pprmafeln
el emen

i v Showiig i PathEhet S4bfe AT LIHER Ean B T PR P Aen
width is adjhssteickel rﬁltehié'—fFFiP BN Hdvh darPFEsflrel e redRe sour ce

el ectrode 2% pyjended froma part of the source bus line 12 is
branched 20 in the nmddle so as to have a ?pe surro nd| . the

distal end of thé&adaiat dli&irode B¢ Fllrguﬁ‘ﬁ in
Fi gure 11, dﬂ&&%ﬂﬁoﬂ&ldtﬁiedBoﬁfoﬁéeeﬁﬁpM mcam:e]se ﬂheotEengehlncﬁuid

oo S SRS 80000 of dedgrions | pypereld shavd  Liee
with the sotteaas hihseki neld?. pﬂ'chts.lmlet;len@‘ntas cdnree, aijasnt eangyblue are
changi ng the 8 26, f A3 farg gack abolReaPLELHr §neLemBahs  cd P98 icture
elements of red, green, blue, and yellow are used.
_ [0051]
20 As shown in Figure 5 and Figure 6, the liquid crystal layer
1 of the liquid crystal display device of Example 1 is placed
between a pair of substrates, that is, an active matrix
substrate 2 and a color filter substrate 3. The active matrix
substrate 2 has a pixel electrode 41, and the color filter
25 substrate 3 has an opposed electrode 42. Further, the color
filter substrate 3 has color filters 31 of a plurality of colors,
and one pixel includes three or four colors. In the example
shown in Figure 5, three color filters of red 31R, green 31G,
and blue 31B are used. In the example shown in Figure 6, four
30 color filters red 31R, green 31G, blue 31B, and yellow 31Y are
used.
[0052]
As shown in Figure 5 and Figure 6, the cell gaps
(thicknesses of the liquid crystal layer) of the picture

35 elements are different from each other in Example 1. In the



In Exanple 1, it is preferred that the values of a of the 30 picture
el ements are close to each other. Specifically, it is preferred that
‘the ratio of the values of a of the picture elenents, which ratio is
expressed as: "(nmaxi mumvalue of a -nininumvalue of a)/(m ni mum of

value of a)," is 10%or |ess. Wen the vaI ues of a of the picture
el ements are set close to 35 each other22the variation in Avd which
is the pull-in voltage 26 is suppressed and t hereby the optinum

opposed. voltages HeLueen Lhelelur s ehanpal.are ale £hosnLosepoin

ot her. Ther Ssi bi occurren sticking c
be great!y gegduedd th‘éhélﬁ@lllsﬂe C@"USaalls laeai he@logyem@n@xpgessu ol ké\llie

5 Cgd/ Cpi X&%ﬁ%j-kq%znthc)ls ggrm%@ Eh&ﬁﬁé?nthéﬁetﬁér@ﬁ@é%ﬁésé@§| teled

in the expression need to be usted, In order to adjust the bal a‘&}.

bet ween t ha@aps)ues Blflealmu%%"—rpf% §P6rr%rﬁcsrrelf’f¥é”}§%]f%5€ R
the val ges fca Qf él@n@i&i ur enelel ts gaitthe efifedlnigvelngladj ust ed

by adjusting the channel dt h W wi |
describe i ﬁqﬁéaﬁqe%ﬁﬁ%ﬁ SF‘P BFRE gr}%[?%lﬁp?]é?s%wl%& @%‘? §spEhere
di fferent bﬂie/\&mqmm efekthpeht guiéferysvgl tlewxans ebhe $5tn605f7,t all
Exampl e 2 ure, 12 1S & schematic cross-sectional viewof a
liquid crysrThzﬁ pdl sp ay Hev| ce of Exanple 2. As shown in Figure 12,
three col or[(G93Jers of red (R), green (G and blue (B) are used 20 in

Exarrpl 2. The ar or f i ed Hen
part.cuPar e Exlgr?ﬂgsﬂgmél QevrolQ:agtJ'Ep ol efsd §h@qtn§1d'@é H 1lquld

he cel of the red & g%rg % herren
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the blue (B)s I%lu%tslt&%t@ﬁmnalffb@eﬁel Fogagm e dihegreen op@ntpi crhte is

el enent is the sane as the cell ¢ t he bl ue i ctur
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cross-sect imes@mmg ad ithei dlaeystiatude spleayenevic eetf tExanpletBan
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colors is rmze|othazecp1mtxpa¢t¢b@m@mt5|m§@aampbe31 t He ldeiuicyap wital

the red (R), ﬁi{eﬁl@é Efgﬁ'ﬁi]ed Sinl Eﬁg%lﬁ@%é@?r&%lengﬁft afs lBQggﬁse@Han
(G pict ure enent of the_green (G k?l cture
el enent i s those formed in the other plcture elements. us, 1n the case

of forming a multi-gap configuration, an optimum opposed
N 20 voltage is different for each picture element.
[0054]
In Example 1, the balance between the values of a =
Cgd/ (Cgd + Csd + Ccs + Clc) of the picture elements is adjusted
using the channel width of the TFT. Specifically, a TFT having
25 a smaller cell gap is arranged for the pixel electrode having
a larger area. Therefore, the channel width of the TFT arranged
for the blue picture element is larger than the channel width
of the TFT arranged for the red picture element, and is larger
the channel width of the TFT arranged for the green picture
30 element.
[0055]
Thereby, it is possible to easily adjust, for each of the
picture elements, the balance of the gate-drain capacitance
(Cgd) formed between the gate bus line and the pixel electrode,

35 the source-drain capacitance (Csd) formed between the source



35 l.arger than the cell gap of the blue (B) picture elenment. 27

[ 0069] Exanple 4 Figure 14 is a schematic cross-sectional view
‘of aliquid crystal display device of Exanple 4. As shown in Figure
14, 5 four color filters of red (R), green (G, blue (B) and yell ow
(Y) are used in Exanple 4. The arrangenent order of the colors is not
limted in particular. In Exanple 4, t hé3cel | gap of the green (G
picture elenent is the sane as the cell gap of the yellow (Y) picture
el ement, and t e 1 [ h
same as thé ceHF]FLng alxl‘d%%t%hgiﬁ%feel(e l%@c% u}ge8 Efcg %@E%ﬁ%%&tlaﬁc% fes)
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cell gaps qf; r r Eend SwedW070E Fbxel
Exanpl e 5 Ql&ﬂ% &%hg%l %%%A%d%%ﬂrgo% is a schemati cFl
cross- sect Gt 5AdEY B &L RRRPIIY I HCTHIH ay devi ce of Exanpl e 5.
As showy i ngg=mire 15 and Figure 16, four color filters of red (R),

G, bl d | 0
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cell gap ofa tdtea:rrede_m@ttm@e et2nemit i supplpes dhabmmade seyhafaprof the
the blye pig (ﬁighguzfﬁei%?%o'@%9%u§éﬂféh%@f%oéEGVEQ@E@ggéﬁgcéﬁductor

shown in Fi gur
layer, and a gate electrode that is a region of the gate bus

line 11, which region overlaps the semiconductor layer.
[0057]
The drain electrode 23 is extended toward the center of
20 the picture element, and is formed to have a certain spread.
A contact hole 24 is formed through the insulating layer formed
on a portion 23a having the fixed spread, and the drain electrode
23 and the pixel electrode are electrically connected to each
other via the contact hole 24.
25 [0058]

The portion 23a of the drain electrode 23, which portion
has the certain spread, can form a storage capacitance together
with the Cs bus line arranged under the portion 23a via the
insulating layer.

30 [0059]

The semiconductor layer provided in the TFT 14 overlaps
both of the source electrode 22 and the drain electrode 23. The
region of the semiconductor layer, which region overlaps the
source electrode 22, 1s a socurce region, and the region of the

35 semiconductor layer, which region overlaps the drain electrode



28 cell gap of the blue picture element is larger than the cell gap
of the red picture elenent, the color filters are configured as shown
in Figure 16. [0072] 5 Exanple 6 Each of Figure 17 to Figure 20
is a schematic cross-sectional view of a liquid crystal display

devi ce of Exanple 6. As shown in Figure_17 to Figure 20, four color
filters of red (R, green (G, blue (B)2 nd yellow (Y) are used 10 in
Exanpl e 6. The arrangerrent order of the colors is not limted in
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of the TFTW% éaemaﬂfe of .fsheaccfftﬁam aﬂa}%%@l[mfmach of thg Rhehnre
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length of the channel region 21 is expanded, the conductivity

20 of the TFT 14 can be further improved. Therefore, in Example
1, the channel width d in the blue picture element is formed
to be larger than the channel width d in the red and green picture
elements.

[0061]

25 Thereby, the value of the gate-drain capacitance {Cgd)
formed between the gate bus line and the pixel electrode is
changed, and hence, by the use of this change, the values of
the optimum opposed voltages in the picture elements are
respectively adjusted so as to become close tc each other.

30 [0062]

Figure 7 is a schematic plan view showing a first example
of TFT in which the size of channel width is adjusted. The
channel region 21 of the TEFT in Figure 7 is formed between the
drain electrode 23 and the source electrcde 22, and has ithe

35 channel width of d1. The value of a can be adjusted by changing



5 a.gate el ectrode 25 extended froma part of the gate bus line 11,
and the drain electrode 23 connected to the pixel electrode. The TFT
14 includes a sem conductor |ayer at a position at which the TFT 14
overlaps the gate el ectrode 25. A part of the sem conductor |ayer
overlaps a part of each of the source 1Q _el ectrodes 22 and the drain
el ectrodes 23. Further, the other part t he sem conductor |ayer,
whi ch part overl aps neither the source electrode 22 nor the drain

el ectrode 23,, and, whi£hypagd, i s, Sangwi ghed, pet yeens 1 bigesoyr ce

el ectrode 22 and the drain el ectrode 23 is the channel region 21.
Here, the Wittts! of the 15 respective channel regions 21 of the

sem conduct or | ayer @sfee selnd Tierd ff e&enéchemhthaepdaﬁt aneRsbshyReng
t he source electro nd tthﬂraln elg&trode 23 |§ S to.be.t g

same. [0075] 57 °§h Rel 2 FhA SHA% Odr SPANEFeCY S g is
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set as "blu "green" = 1.1:1.0:1.0. [0078]
[0065]

In Example 1, it is preferred that the values of o of the

30 picture elements are close to each other. Specifically, it is
preferred that the ratio of the values of &« of the picture

elements, which ratio is expressed as: " (maximum value of «

- minimum value of o)/ (minimum of value of &), " is 10% or less.

When the values of o of the picture elements are set close to

35 each other, the variation in AVd which is the pull-in voltage
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is suppressed, and thereby the optimum opposed voltages between
the picture elements are made close to each other. Thereby,
the possibility of occurrence of image sticking can be greatly

reduced. The value of a is obtained by the expression: a =

- Cgd/Cpix(Cgd +Csd +Ccs +Clc). For this reason, the parameters

included in the expression need to be adjusted, in orxder to
adjust the balance between the values of a of the picture
elements. The balance between the values of a of the picture
elements can be effectively adjusted by adjusting the channel
width.

[0066]

The following will describe in detail a plurality of
combination for making cell gaps different between picture
elements referring to examples.

[0067]
Example 2

Figure 12 is a schematic cross—-sectional view of a 1iquid
crystal display device of Example Z. As shown in Figure 12,
three color filters of red (R), green (G) and blue (B) are used
in Example 2. The arrangement order of the colors is not limited
in particular. InExample 2, the cell gap of the red (R} picture
element is larger than the cell gaps of the green (G) picture
element and of the blue (B) picture element. The cell gap of
the green (G) picture element is the same as the cell gap of
the biue (B) picture element.

[0068]
Example 3

Figure 13 is a schematic cross-sectional view of a 1liquid
crystal display device of Example 3. As shown in Figure 13,
three color filters of red (R), green (G) and blue (B) are used
in Example 3. The arrangement order of the colors isnot limited
in particular. InExample 3, the cell gap of the red (R) picture
element is larger than the cell gap of the green (G) picture
element, and the cell gap of the green (G) picture element is

larger than the cell gap of the blue (B) picture element.
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[0079] The following Table 2 is a table show ng perm ssible

ranges of the deviation of the value of a when the difference of the
value of AvVd is assuned to be less than 100 nV in the 30 liquid

crystal

di spl ay device of the present invention. It is 31 seen

that, when the difference between the v_h;es of AVd is 100 nV¥ or

| ess, the image sticking can be easily

roved, and that, when the

di fference between the values of Avd is 50 nV or |ess, the inmage
sticki ng cqﬁuﬂgnnore surely inproved. 5[0080] [Table 2] A Vvd (V) Vgpp
atl

(V) a Devi
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Example 4 (%

Figure 14 is a schematic cross—sectional view of a liquid
crystal display device of Example 4. As shown in Figure 14,
four color filters of red (R), green (G), blue (B) and yellow
(Y) are used in Example 4. The arrangement order of the colors
is not limited in particular. In Example 4, the cell gap of
the green (G) picture element is the same as the cell gap of
the yellow (Y) picture element, and the cell gap of the red (R)
picture element is the same as the cell gap of the blue (B)
picture element. The cell gaps of the green (G) and yellow (Y)
picture elements are larger than the cell gaps of the red (R)
and blue (B) picture elements.

[0070]
Example 5

Each of Figure 15 and Figure 16 is a schematic
cross-sectional view of a liquid crystal display device of
Example 5. As shown in Figure 15 and Figure 16, four color
filters of red (R), green (G), blue (B) and yellow (Y) are used
in Example 5. The arrangement order of the colors isnot limited
in particular. In Example 5, the cell gap of the green (G)
picture element is the same as the cell gap of the yellow (Y)
picture element. The cell gap of the red (R) picture element
is smaller than any of the cell gap of the green (G) picture
element and the cell gap of the yellow (Y) picture element.
Further, the cell gap of the blue (B) picture element is smaller
than any of the cell gap of the green (G) picture element and
the cell gap of the yellow (Y) picture element.

[0071]

In the relationship between the cell gaps of the red and
blue picture elements, a form is assumed in which one of the
cell gaps of the red and blue picture elements is larger than
the other. When the cell gap of the red picture element is
larger than the cell gap of the blue picture element, the color

filters are configured as shown in Figure 15, while when the
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cell gap of the blue picture element is larger than the cell
gap of the red picture element, the color filters are configured
as shown in Figure 16.

[0072]

Example 6

Each of Figure 17 to Figure 20 is a schematic
cross—-sectional view of a liguid crystal display device of
Example 6. As shown in Figure 17 to Figure 20, four color
filters of red (R}, green (G), blue (B) and yellow (Y) are used
in Example 6. The arrangement order of the colors is not limited
in particular. In Example 6, the cell gap of the red (R) picture
element is smaller than any of the cell gap of the green (G)
picture element and the cell gap of the yellow (Y) picture
element. Also, the cell gap of the blue (B) picture element
is smaller than any of the cell gap of the green (G) picture
element and the cell gap of the yellow (Y) picture element. In
the relationship between the cell gaps of the green and yellow
picture elements, a form is assumed in which one of the cell
gaps of the green and yellow picture elements is larger than
the other. Also, in the relationship between the cell gaps of
the red and blue picture elements, a form is assumed in which
one of the cell gaps of the red and blue picture elements is
larger than the other. Figure 17 shows a form in which the cell
gaps of the picture elements are set as yellow > green > blue
> red, and Figure 18 shows a form in which the cell gaps of the
picture elements are set as green > yellow > blue > red. Figure
19 shows a form in which the cell gaps of the picture elements
are set as yellow > green > red > blue, and Figure 20 shows a
form in which the cell gaps of the picture elements are set as
green > yellow > red > blue.

[0073]

In the following, there will be described an example in
which, in the liquid crystal display device of Example 1, the
value of o is adjusted by actually adjusting the channel width.
Figure 21 is a schematic plan view showing an example in which
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in Table 2 descri bed above, the deviation of the 10 val ue of a was
10.0% at the tinme when the value of AvVd was set to 1.0 V, and when
the di fference between the values of AvVd was set to 100 nV. The
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and when the.d] fiflermngasdeimeand hervaldes, Ofud vas Sflrce
nv. [0082] It was found to be preferred that, in a nornal
electrode 22 extended from a part of the source bus line 12,
a gate electrode 25 extended from a part of the gate bus line
11, and the drain electrode 23 connected to the pixel electrode.
The TFT 14 includes a semiconductor layer at a position at which
the TFT 14 overlaps the gate electrode 25. A part of the
semiconductor layer overlaps a part of each of the source
electrodes 22 and the drain electrodes 23. Further, the other
part of the semiconductor layer, which part overlaps neither
the source electrode 22 nor the drain electrode 23, and which
part is sandwiched between the source electrode 22 and the drain
electrode 23 is the channel region 21. Here, the widths of the
respective channel regions 21 of the semiconductor layer are
get to be different, but the distance between the source
electrode 22 and the drain electrode 23 is set to be the same.
[0075]

In the example shown in Figure 21, the drain electrode
23 has a linear shape extended in the direction in parallel with
the source bus line 12. Further, the source electrode 22 has,
in plan view, an opening opened toward the side opposite to the
side of the gate bus line 11, and has a shape configured to
surround the distal end of the drain electrode Z23.

[0076]

The width of the drain electrode 23 is denoted by
reference character ¢, and the interval between the drain
electrode 23 and the source electrode 22 in the direction in
parallel with the gate bus line 11 is denoted by reference
character d. The distance between the drain electrode 23 and
the source electrode 22 in the direction in parallel with the
source bus line 12 is denoted by reference character e. The
length of the portion of the source electrode 22, which portion
faces the drain electrode 23 and which portion is in parallel

with the gate bus line 11, is denoted by reference character



crystal display device, the value of AvVd is set in the range of 1.5
to 3.0 V, and that, under this condition, the deviation 25 of the
value of a is set in the range of 7.0%or less. Further, it is

concei vabl e that the value of Avd nay be set as Avd = 1 V or less in
future, and it was found to be preferred that, in this case, the

devi ation of the value of a is set in tH8 32 range of 10.0% or |ess.
[ 0083] Note that, in the case where a normal liquid crystal

i spl ay dey ceanl o L1868  93RA04 Ehe chRDnel Gtk U B ol o et

of picture 6l effent s S Investigate
conpar i son céx &gl souriee edeicariose 82 whé chaPastépnal arsngoaus | bet viebh

pi cture el epNts, Boe 3 AVG A %&%mwh(ab%we%a BECEHéeﬁagkﬁﬂSHt@f Rhe

[ 0084] 10Further when a rel ationship betweenthe channpel, size and
fhe cel | t MAKNESSCEAPHS Tov ¢4 AN HAFALERYSE AP BR 5B b5 dBVi L &h6f SR ECe

present 5i NyY iIGMavas? | nkesddrgatedl, b at &f @sershoWha fadiadt e 3 and

Fi gure 22 2ﬁi§?ﬂabtained. Figure 22 is a graph showing a relationship
between th annel size ratio and the 15 cell thickness ratio.

[ 0085] [Tabl e 3] IGhahreligiize aratst@l display device of Example 1, in the

case where, in three color picture elements having multi-gap
configuration, the cell gaps of the picture elements were set
10 as "blue" > "red = green,"” the deviation between the values of
o of the picture elements could be suppressed to 0.81l% by
adjusting the values of a to e between the picture elements as
shown in Tabkle 1 described below. Further, AVd in the blue
picture element was 1.619 V, and AVd in each of the red and green
15 picture elements was 1.606 V. The difference between the
maximum and minimum values of AVd was 13 mV. Therefore,
according to the above-described design, it was possible to
obtain a liquid crystal display device in which the generation
of image sticking is suppressed by sufficiently adjusting the
20 optimum opposed voltages between the picture elements. Note

that the ratio of the cell gap of each of the picture elements

was set as "blue":"red":"green™ = 1.1:1.0:1.0.
[0078]
[Table 1]
| Picture element | Picture elements
B (um) Rand G (¢ m)
a 15. 00 16. 50
b 6.0 6.0
c 4.0 4.0
d 4.0 4.0
25 e 4.0 4.0
[0079]

The following Table 2 is a table showing permissible
ranges of the deviation of the value of o when the difference

of the value of AVd is assumed to be less than 100 mV in the
30 liguid crystal display device of the present invention. It is



Cel I. thickness ratio 0. 800 1. 176 0.873 1. 118 0.927 1.059 1.000
1.000 1. 073 0.941 1.164 0.882 1.273 0.824 [0086] 20The variation of
the value of a is suppressed between the picture el enments by changi ng
the values of a to e of the TFT channel according to Table 3 and
along the straight line shown in Figure_22, so that a |liquid crystal
di splay device with little inmge stickiﬁ& can be obt ai ned.

seen that, when the difference between the values of AvVd is 100
nV or less, the image sticking can be easily improved, and that,

when the difference between the values of AVd is 50 mV or less,
the image sticking can be more surely improved.

5 [0080]
[Table 2]
Deviation of
Avd (V) | Vepp (V) o o ()
1 41 0. 02439
10.
1. 1 41 0. 02683 0
1. 5 41 0. 03659 6. 7
1. 6 41 0. 03902 )
2.0 41 0. 04878 5 0
2.1 47 0. 05122 )
3.0 4 0. 07317 3 3
3.1 41 0. 07561 )
[0081]

As shown in Table 2 described above, the deviation of the

10 value of o was 10.0% at the time when the value of AVd was set

to 1.0 V, and when the difference between the values of AvVd was

set to 100 mV. The deviation of the value of o was 6.7% at the
time when the wvalue of AVd was set to 1.5 V, and when the

difference between the values of AVd was set to 100 mV. The

15 deviation of the value of o was 5.0% at the time when the value

of AVd was set to 2.0 V, and when the difference between the

values of AVd was set to 100 mV. The deviation of the value

of o was 3.3% at the time when the value of AVd was set to 3.0

Vv, and when the difference between the values of AVd was set
20 to 100 mVv.

[0082]

It was found to be preferred that, in a normal liguid
crystal display device, the value of AVd is set in the range
of 1.5 to 3.0 V, and that, under this condition, the deviation

25 of the value of o is set in the range of 7.0% or less. Further,
it is conceivable that the value of AVd may be set as AvVd =
1 V or less in future, and it was found to be preferred that,

in this case, the deviation of the value of a is set in the



25[ 0087] Further, the difference in the I engths of the source
el ectrode and the drain el ectrode between the TFTs shown in Figure 6
to Figure 8 actually also influences the overlapping area of the gate
bus line and the drain electrode as shown in 33 Figure 23 to Figure
25. Each of Figure 23 to Figure 25 is a_gchematic plan view show ng a
region in which the gate bus line and tﬁé drain el ectrode overl ap
each other in Enbodinent 1. Since, as the overlapping area of the
gate bus Ii 3 raldy el ectrode 23 is increased, the value
of the gate- F%%ﬁﬂgg%%g?lgﬁgé@%%%d) is nore changed, the bal ance

bet ween al I[G%fS3al ues of a of the picture el enents can be adjusted

alhsodby, adj ust i nmgﬂag;&w,l- 313@% G fEese ﬁjhéﬂgé_? ag&i@rmflicﬁﬁicﬂ-ﬁ:ﬁﬂﬂ:al
the drain e|.ectrode in addition to t adj ust t of .t he chan

10°1 engt h. LU Sevicen Sttt b ddtad- SFH HHBdiarERE Rely RAOEh of
bal ancesbetasetn dtheivalwes afenserr ot {eCgre i s ba Cos Ghe) wdst he
picture el MRt d j uste f e- rd

15 express?ion, Slsfthsast%ea %%c ?9@@?{)9% ?%gﬁa%ﬁﬁle% ’g%?%ﬁ??’giaﬁﬁ?ép%g%? %n%%f@e
Cgd in orderf too veh LB10% hodateat o betwee e Ydeeviad URS, oind Afdties 183
picture el gienfisat|QA8Y 1 AGtMald Yerdies dif ference in the overl apping
area of the 20 drain el'ectrode and the gate bus line in the TFT al so

i nfl uences tHE4Yat e-drai n capacitance (Cgd) formed between the gate

bus |impg and the maHesl REEAQIEe 19t N68shap Bdevomethapphaigner ea zef and
u

the gate bqtz_llin agg.tt#e drain el ectrode . i,s i.ncreased, the vyal (? of
the gat e- dridith CagacPt-SHEESERAFIP L1 fdtedd@d-t S FEY55Ba ARRE BelTlere
t he val ues off ttheofprtdreeri cinwrentelemerdss icare Hel galj edt edbted sos byhown in
adj usting avey | i e f e ) i d dr_ai

el ectrode. L‘Fagi)]!fo]ej ggcﬁ E?)Jf%%egﬁ%é; %o&%%ﬁg'zg S 51\%% aztnzhg‘far?plgre}agfh
TFT 30 in whwtinhe sezetépbnshépobetrvappi Hee ahanngl tHeegaas ibuangi fee
and thecsdraidy elgetdigded scadjysted in the exanple of TFT shown in

Figure 23. Each of Figure 26 and Figure 27 shows a formin which the
channel wi dt4P&R] of the TFT shown in Figure 23 is

[Table 3]
Channel size Cell thickness
ratio ratio
— 0. 800 1. 176
0. 873 1. 118
0. 927 1. 059
1. 000 1. 000
1. 073 0. 941
1. 164 0. 882
1. 273 0. 824
[0086]
20 The variation of the value of a is suppressed between the

picture elements by changing the values of a to e of the TFT
channel according to Table 3 and along the straight line shown
in Figure 22, so that a ligquid crystal display device with little
image sticking can be obtained.
25 [0087]
Further, the difference in the lengths of the source

electrode and the drain electrode between the TFTs shown in
Figure 6 to Figure 8 actually also influences the overlapping

area of the gate bus line and the drain electrode as shown in



changed. In Figure 26, a projecting section is provided in a 35

pl anar shape in a part of the overlapping region of the drain 34

‘el ectrode 23 and the gate bus line 11. In Figure 27, the channel
width dl as a whole is increased. Each of Figure 28 and Figure 29
shows a formin which the dinmension d2 of the TFT shown in Figure 23
is changed. In Figure 28, the length of 32 is 5 increased. In Fi gure
29, the shape of the drain electrode 23 is maintained as it is, but a

proj ecting ._sectionj ravjided 40 a n i a t -
gate bus | iEﬁeq%flf, rksjosctoﬁahﬂdtuﬂ:ge ojv5e'rl Eg%%gh%%ﬁ%?fﬁg g%%?%e bs 1§ &
el ectrode 23 ey ttinepdanevbes showingl aj sedher daswbichotigpgEte bus line

Each of -Fi gyj¢ t%%atda:ia;ﬂrgtgfeé@roﬁpm@ﬂﬁ%ﬁ ShdFTin ;Em&ﬂném@ 1.

size of the overlapping area  of the gate bus line and the drain

el ectrode iSSnsdusteBNEOTHELRRRHDY £ 1572 PETLEROUATEPET gume 34, and the
Figure 80 shews @hlfe@ﬁﬂddé WE Gl tiherdia@aﬁ$i Qﬁelﬁadaeobfthl\?\;qfé'téh@ﬂm'n
in Figure 24 is changed., In Figure 31, t L dt as ole i

i ncr eased. c@&ﬁ?lﬁarﬁ%gﬂlcgdéllﬁ ﬁé%ﬁaé’gfg'\gdﬁgﬁgbagfﬁ%?%%e%mncﬁi%hréhe
di mensi on dAlafed hef TEoShowd pictigrirel sdentss cdwmdged. adfusigural8d,by
t he | engt h _of. is lLncr 2 _Fi h f draj

el ect roge fﬁjjé%%lsn%?%t §|@%g agéglng ?Jg%gb%tztgtepggfégii???\gllsr%aé;?ilo%ﬁgjgthe
provi ded i mzeisl ahactshdpe?d iraagdition théhgardibasnenheofl thesgharpngl
the ovepl apRipgH egi on of the drain electrode 23 and the gate bus
line 11 is I ncreased. [0092] 25The gate-drain capacitance (Cgd)

forned bet ek &lhe gate bus Iine and the drain electrode is al so
formed in the regiackBribedhabbee gatreEhysdlinaatand tHebpilxake between

el ectrode directly over] ap each her. Since s the over| appi ng. ar ea
of the gat é&Musaius® 4id OEh=e ?ﬁ?&c‘i‘fﬁ ebtrdet i@c‘? nec Je%)se?i% &E{'é }gh‘FHére
of the 30 gdteesadriad Ascapacstadce X<Cgdn be dawmm dasad hehebdud adeecribed
bet ween.t he : . of . i e(maﬁg b I al so
by ad] heti r‘?g’*i eé'se%lvog% gptgilnég%%%ﬁ ‘?eh"gg gate T n‘ga%d&ﬁ%g pi xel

el ectrode. q=20093]t BBRactIDILIF gfer 33 tad Rigfureh85oakance dprgee the

D1 el el ooty v [t S ey ErBad rent 1. Figure 33 shous a
formin whild& hormal gate bus Iine and a normal pixel electrode
overl ap each ot hgygt@ud ,n v gh frhecard porého®w@rlapping area of the
m“-20 drain electrode and the gate bus line in the TFT also influences
the gate-drain capacitance (Cgd) formed between the gate bus
line and the drain electrode. Since, as the overlapping area
of the gate bus line and the drain electrode is increased, the
value of the gate-~drain capacitance (Cgd) is increased, the
25 balance between the values of a of the picture elements can
be adjusted also by adjusting the overlapping area of the gate
bus line and the drain electrode.
[0080]
| Each of Figure 26 to Figure 29 shows an example of TFT
30 in which the size of the overlapping area of the gate bus line
and the drain electrode is adjusted in the example of TFT shown
in Figure 23. Each of Figure 26 and Figure 27 shows a form in
which the channel width dl of the TFT shown in Figure 23 is
changed. In Figure 26, a projecting section is provided in a

35 planar shape in a part of the overlapping region of the drain



5 the pixel electrode 15 is linearly formed, and the gate bus line 11
is extended in parallel with the end portion of the pixel electrode
'15. Each of Figure 34 and Figure 35 shows an exanple in which the
size of the overlapping area of the gate bus |line and the drain

el ectrode is adjusted. In Figure 34, a %rojecting 10 section is
provided in a planar shape in a part of fhe pi xel electrode 15 in the
over |l appi ng region of the pixel electrode 15 and the gate bus |line

11. Ther ef ' r eg - ix.el

el ectrode %§%§ﬁ§§¥ﬁ%§§§#%§BBE?&F%%SE%%?Ekgggén égﬁl%%r%igu$§¥%%?hépnel
recessed seddténdlcas-ouhols sactiormased pr Heicheali h @1pt Afapngdhapeure

in a part ofy t.heRi %ekoehechr @IecASthd dihesroyviedd appioFy chediren Shothein
pi xel el ectrode 15 and the gate bus line 11. Therefqre, %Sélafer sgllst,

the over | appig s &gi o statReEDi xel EHESEFodE 15 and 1

line 115i s in@ydeowesli. 2Gh0094hire 29, the dhpse wify thehdmattheelectrode 23
over |l appi ng area qf .the, drai.n el ectrode and.the.gat i he, .

t he overl ag“psl Hﬁ‘léjr%é%rbefd taﬁelﬁ’l <8I éfl cf'r6a8’ %ﬁglgﬁegagﬁgo ugsl?%g‘g:écri%d
adj ust ed, tie avallumaof sbagte dlneet pesttavifc tbepgsieahve Loneedlinso that
associ ati on ' el egkr [?:]%-rpeelaéjj%(@ﬁo% 82N 0fa
t he pi cturg:h\e% é%ee%tisatp%grﬁ ?%érlg’ ys%hggga ue of the opposed \I}ol ta(ga;e('Ila ©
can be nor ®@usptliifiered fiov dueteaied he picture el enents. [0095] In
Enbodi gnt (hodity is preferred that the value of 30

" Cpi x(m n)/ Cpi x(nmax) " ereinafter alsqQ referred to as response
coefficient) is g@t"‘)b( @(fgglt%’éesgﬁetﬁetp\i‘v@é‘ﬁet hé BPEWﬁr@ne?é%ﬁﬂig.Of TFT
Ref er ence chawadicer tBpi x{#& Mf denrobes rpayeli ngapackt @hdthatyatthebtibnkine
of black dis nd. r ef-er ence, char [ X ) S pixel
capacit anc@rgﬁ %ﬁﬁegf THe eojfe%ovﬁﬁ e %‘.Si‘g?%% J‘Fﬁg% ;ée%%%ﬁéiegcoé'g? ??c?%%‘fn
denot ed as ir36igOpiex (44 .n) Flguxenmar) shpgsonefofmt he Whitkatbe sdofiensigon
responsg ng%tgﬁésfﬂ"f%h W ﬁﬁqugg£¥sé4ali-s %ﬁ&ﬂgéﬂﬁ VA yesn e BRC the
response coefficrent are different " between the picture elenents, the

response cherdidt 68 8¢ia Whedends Merersed - f frncdael bigire I aproFigure
and hence dgsighed;Chr eorhi ¢ResRi ARYLHOtdhifeobia ned .o @RR6IrFT shown in

The response coeffjcient "Cpix(mn)/Cpix(nax)." n he adj usted, by,
per f or m ng,F i@ fesd ilb%oCkéq%ﬁfég' t %]%’&errg}t' % ﬂ'@“ﬂq‘lp é}érﬂfﬁlls

wi dt h, the iadjtesigent ah FheueweeBkapphagsteama ol tofe Hreigattebtigsotent3

and the.drai n_el.ectr.ode, the, adjus nt Qf the. over I e .

t he pi ggl &Se&arlﬂjg:ea%eéj tire lécatles’bﬁﬁ)rsﬂ%l ﬁn%?ogﬁgtégguéggg%?goigtﬁlég&lded
over | appi ng.raree®@lemarheshgipeelirelaeperdde fantiet bet€sbbaslinmpellandot bleat
like. [009% legur | $c3i928R BhOVEAG: @ Rl ati Qs hiP Pt ¥eeNgat
the franme pder}ello%?eg:lrlic?%g%gldaggﬁilg)? \%oltﬁage arlri va]l rate. Fi g&re 37 i%aae
schemati ¢ \Husy s 1y Bs dinpredsedat e when the influence of the
difference jgpgte response coefficient on the display was

investigated. As shown in Figure 36, in a |jqujd_crystal
Zg The gateudragn capacitance ec%d) for%edabetween the gate

bus line and the drain electrode is also formed in the region
in which the gate bus line and the pixel electrode directly
overlap each other. Since, as the overlapping area of the gate
bus line and the pixel electrode is increased, the value of the
30 gate-drain capacitance (Cgd) is increased, the balance between
the values of o of the picture elements can be adjusted also
by adjusting the overlapping area of the gate bus line and the
pixel electrode.
[0093]
35 Each of Figure 33 to Figure 35 is a schematic plan view



20 display device currently in use, the liquid crystal cannot respond
wi thin one frame, and hence the liquid crystal display device is
designed to obtain desired transm ssivity through two stages. For
exanpl e, as shown in Figure 37, when a display is perforned such that
a white quadrangle is displayed on the Sgack 25 background and t hen
the white quadrangle is noved fromthe ri'ght to the left, the picture
el ements located at the left end of the quadrangle are nmade to newy

respond in #acH dd ABredford MeSHich MUY ddie Bhed U enel e@ntnbayipg a
smal | response coefficient is sjow.in r_esEonse,_ and thereby th
intensity GFLeRFHaHe CFrSLEPofaFhRe iter i EPaFe™&PEmENt sFll%’c‘iﬁng shows

Iﬁrgehso tiaatfdﬂﬁfe ieﬂrmm_a&ﬂ chessrmsl cqtatngb aslas '[_Dﬂ%d]aﬂ'd) @erk m&lhl'pizhéals,
t he change i.n the ronat,i cness.ca € SUpRpress making the, .

Ul ues of S b G Sag no80ngt  PHRET LD SRE Y TR\ B8 bBEripp of
each ot her .tHe girel38l estmode dphis A4 rsteondivnfo amsdi taatdl Eheapayee dfust hene
response caef f.icCi exry 6ss "GPl 1 0).L.Cat, x( A :

t he responglgL e |t§nent g?l ?%erggilﬁe@p\%g? ?hgcg&rq?i ggﬁ%g%leg?smg%;g%gél

0.78, and tHePLsids 8d rBage @f Finareedposk Fégurei 29 afiows apnejample
range 5 of i@ V8icB Oflel 51 y0ish thhe caerhvabihat 8rdhfderanceaite Wukhithe
5% [0099] Enpodi nent, 2 Figure 39 is a schenati cEpI an Végw show ng an
ar r angenent*Ht RS Lt ﬁ%?gEISfiep.‘iS)(@Fl]BFEE(ar odER FIEEE 3and REP7 D0kt g

lines of addattiich Gry $iralvidieapliay adeviaee robhbpeodinenpazt A8 shewdixal
reforred | 6 SRR Diviel Tel BEt T EHEE] PRr A diGgod T bF SoHe B ce LFaL rode
el ement. Furt lerd e grbeelbus Tord i g edhigyred ob® plagr @ itepwdft, the
Dot Sy S ey ELGR SlATER s s L Shg b s
di spl ay of lihe Lilgis @xpaystes- displ R ERISced (RIT ST RECELQD fcut—out
cryst aj 5di splav Aeviice pebvEmkedk Reat p 2arfr i sicdpeles, Eheagat e rbbgel hngel
11 extended .in the row direction ateral directiol %: and ttjeefgg{ggde
bus |i ne 1ZXSAHRAS 1 1PhBNR PURHL P Bl i ‘RIS thGi RaKke

di rection) .15 wrideshe tdietd il di ieysial  diheplefprdgviace d nedsudes ahe
LIO,[ ﬁt ¢ Engéaf{% nd painsge%‘oe%dlOLFgflégeegf}Qeffef@égpoc% %50%%‘3%%%5% bus

line 11 is narrowed.
20 [0094]

In this way, when the overlapping area of the drain
electrode and the gate bus line, and the overlapping area of
the pixel electrode and the gate bus line are adjusted, the value
of each electrostatic capacitance formed in association with

25 the pixel electrode can be adjusted for each of the picture
elements, and thereby the value of the opposed voltage can be
more optimized for each of the picture elements.

[0095]

In Embodiment 1, it is preferred that the value of

30 "Cpix (min) /Cpix (max)" (hereinafter also referred to as
response coefficient) is set to be the same between the picture
elements. Reference character Cpix(min) denotes pixel
capacitance at the time of black display, and reference
character Cpix(max) denotes pixel capacitance at the time of

35 white display. The response coefficient denoted as



25 lLkine 11 and the source bus line 12. The first TFT 14a is connected
to a first sub-pixel electrode 15a, and the second TFT 14b is
‘connected to a second sub-pi xel electrode 15b. Further, the liquid
crystal display device of Enbodinent 2 includes a first Cs bus |line
13a which overlaps at |east a part 30 of the first sub-pixel

el ectrode 15a, and a second Cs bus line f@b whi ch overlaps at |east a
part of the second sub-pixel electrode 15b. As shown in Figure 39,

each of the'ddi:6tm{Gs) Auysist imex)1'8a sapfetdie t*h%csgﬁdl&t@% dd @ﬁely?@sgf;énse

extended in . the row directio as . to cros en er of each

the sub- pi ¥R EH it ];1%”0‘11%%3[3 e valuygs of the
Enbodi nent J&s;aodemdoefffd:ohentfaﬂd éﬁ_fESranta:mjﬁdadrothemﬁcmuﬁeuéBements,
el ement . L8l dnenklnds e aupber, and. | Ae. AL anaerent. order o
of colors o |§)| r € el eent s “Conf | guring a pixeée inel u&e u

are not Sl rﬁqilezrs,n apv:lrthecmeaudetsorecbrxblrnvamartowsleswmhyasoﬂ@? SCBYined.
RGBW The coj@yspf a picture element is determned by a col or fllter

Exanpl es of arra nment forms of color filters include a strip
arrangement, as s]ﬁkﬁ/vrifeiﬁ?qi}%r‘@esz]tq’?-%ﬁ cH Rt Gr1E) [ Grbs( f%ﬁ“é) fd?fh%doe

Lo bg 10 e;g clmay{ b@rEt@ﬂﬁhhwl ﬂ@ld@lécfﬁﬁéé@rhhf&gﬁr @h@sﬁd%stﬂ@nttof
oundary o ctr nd ri X _arrangenen

o Shovn 1 14 it S5anin o A6E, SRR b0k FPEePte Bl BRE FanpRs
i n eachoof dheheowadier &cisi duinandnt:lhdaheoﬁuamndeEectrode 150 102justment

| n Enbod t b:- f e
| Enbod magk <5 &oehate L8 e suhcpinsl sl Botedencl onan quBnisl
met hod for hmi@,ngﬁhm@ctmﬁtpme@u chpded terrel abp iy erted o f cdleh pixehe

sub- pi xel eliecanes Ay el ude ) £1g! hadh ofnsUppkyi ng a si gna

voltage from each of different source bus lines, and (2) a method of
adj usti ng t 1 %4 gnal vol tage by changi ng the voI tage of the Cs bus

line. The TFTs are £onse ed &oytdieh %Jb}hﬁ.l?éf'a gkegthiodesip between the
respectlvel .__Each oféithe TETs |s Js(;onnect to the s ate pus

line, and %é’«?rﬁﬁ £R6 506- et o9 aret S 91 A Irﬁl%@ont ofreg 37
at the ti m:nag aascwamahla mnmmgfmg;aadilsplsypﬁam whent heegat £] eisce

line. [0103] i ' i
50 Crystal b BT kERbog LT L ELATERR b 108 ol Sl v
pattern is hfa@r mdfefsmig@é;@ld .of Ashehgub- i X@lgurearsd t Ha i tigiid crystal

patter fg Ofyil SR X8 %A €y STPWLd N ﬁﬁéiuiﬁ%l@d Jﬂes*ééc@ @éﬂ&ﬁéét

el ectrodes respectively fornClicl and Clc2 between thenselves and
opposed el @SR Vit hiReone ihaness apdyBenre| Wy rliamté sapsppketisplay
el ectrodes dessiReCt E\vRIdA Jrid¥dto obtain desired transmissivity through two

stages. For example, as shown in Figure 37, when a display is

performed such that a white quadrangle is displayed on the black
25 Dbackground and then the white quadrangle is moved from the right

to the left, the picture elements located at the left end of

the quadrangle are made to newly respond in each frame. As a

result, only the picture element having a small response

coefficient is slow in response, and thereby the intensity of
30 the colors of the other picture elements beccmes large so that

the chromaticness is changed.

[0098]

To cope with this, the change in the chromaticness can
be suppressed by making the values of response coefficients of

35 the picture elements close to each other. Figure 38 is a graph



39 Ccsl and Ccs2b between thenselves and the Cs bus line. Further,
each of the sub-pixel electrodes is connected to the drain el ectrode
of each of the TFTs, and the driving of each of the sub-pixels is
controlled by each of the TFTs. 5[0104] The liquid crystal
capacitance dc is forned by the pixel éﬁctrode and the opposed

el ectrode which are arranged to face each other via the liquid
crystal layer. The value of Cc is dependent on the effective voltage

(V) appli erHchi[rhf al 6qut8pid ﬁr}@&.t a3k i@aecresmbr{sme c@é*f&.@ﬁeﬁlte@zhﬁﬂél§§ed
The storagg} cﬁfltén pf:c ﬁnforn;p Y, t |>éygr | ectrode and the
Cs bus |in@Y stGrayen R oMma¥ he) ag'l”% FSEFEEe each
ot her wvi a amammmnm@‘d aylertlfﬁbewganetld@ a mr caphcidtande Ggd is 0.78,

formed by the, pjxel &l }ﬁ}e{é)gg %\gdofttlﬁ %he Hus !:c'aQ%fﬁSCan?I r?glﬁlaylé?nge

line) which aré a ran eac IrVia an I nsu

The soubce-afr &i. rVSCapacDﬂameﬂlr(bmrrsle‘ amedaly retle piXékreheet i sdeianin
the source daus line (signal line) which are arranged to face each
other via an insulating |layer. [0105] 20The method for driving each

of the sub-[H38&A] el ectrodes by using the TFTs, and the basic

confi gur at imbddliri@iodi ment 2 are the sane as those in Embodi ment 1

[0106] In the foll.owin anethodfor erform,ng the nmulti-pixel
et ve by chang! nd AR 3P e SrOPREEES Tad: FHRE A1 caeber Thaent
det ai | 10Fi guref i rstioven sifgpakenasybéot nedabemirhe, radd iapixels dihee of

[ f d 7 f L
the 1 mo S0 &R PRYFRPor STt gd eke FE MR, Hphg, LA n
si mul t aneoUslignrani3Pchét Embedhuert i 2e tsoapéxedneseat epdesof ¢va¢lraafter

vol tage Vs Jigd &é@éﬁf‘rﬁeﬁego s %%%hp%etlhélébﬁ%dégﬁl’ éﬁ&%’l@ca% cPEéS?' one
el ectrodes 15a and 15b fromthe .sSource bus line and 1I's c ar ged

to the fir LA S&lGRE UDb- S’P%élheélre@Pﬁo@éé‘eﬂSéSaﬁdme@ur?Sl by a
Simlarky, gihe-d1itsSt o@nsh Seeend 16mebs , | i@ akdcd@nthd ghctd@e elements

|SPeCti Vel SHsLSRR.9, Lhe (11 ol a0 sccond, subiphrel el ertiofes ..
bus line 12:ontrol the whole display of the liquid crystal display device.
[0100]
The liguid crystal display device of Embodiment 2
20 includes the gate bus line 11 extended in the row direction
{lateral direction), and the source bus line 12 extended in the
column direction (longitudinal direction). Further, the
liquid crystal display device includes a first TFT 14a and a
second TFT 14b each of which are connected to both the gate bus
25 line 11 and the source bus 1line 12. The first TFT 1l4a is
connected to a first sub-pixel electrode 15a, and the second
TET 14b is connected to a second sub-pixel electrode 15b.
Further, the liquid crystal display device of Embodiment 2
includes a first Cs bus line 13a which overlaps at least a part
30 of the first sub-pixel electrode 15a, and a second Cs bus line
13b which overlaps at least a part of the second sub-pixel
electrode 15kb. As shown in Figure 39, each of the first Cs bus
line 13a and the second Cs bus line 13b is extended in the row
direction so as to cross the center of each of the sub-pixel
35 electrodes 1b5a and 15b.



[0108] 5Next, when the voltage Vg of the gate bus line 11 is changed
fromVgH to VgL at the tinme of T2, the first TFT 14a and the second
TFT 14b are sinultaneously switched to non-conductive state
(off-state), the first and second sub-pi xel el ectrodes 15a and 15b,
and the first and second Cs bus lines 1 and 13b 10 are al
electrically insulated fromthe source bus line 12. Note that,

i medi ately after this change, each of the voltages Vlicl and V1c2 of
the first ajgicerond sub-pi xel el ectrodes 15a and 15b is reduced by

bstantially a eAdasfoIIo due e.pull-in
;S)Ee?\orrenon cguse?ﬁrﬁ?éfﬁ“%qtu\ém@ o ‘flh% dc"tsﬁﬁed: d8pacFeaded, for
and the |ikee pistcirat etlemetnh. t rb:afmp]ssts BETtliéaklanit gt hhesmmm@r ERB the
14b. Wi
vol tagecllcsa' r;éﬁjog?ﬁ\égt Xﬂ:&%ﬁe ]?/I rO}tOé 0 ar%[esgcon%%ts lb len%éhgg%u !Sg
13b becéne aP¥#pl ochpclugsl kut/cor -naadliesed wmntm@lla[mm@] At

the time ofcohdiddiei ol f aden\Ushehf Hdby JhaHeEE begeald ek 1(':§ure
changed fr%ﬁge\r/[%ol}n.}]e- Vad to Vcom + Vad, and t he vol t age VcsZ of

second Cs B e TR P Y r%n@‘?ﬁc‘b‘?n 4Rt o lagapt

Accor di ng tarddreganarot fagaschorgesri fhlﬂ’l@ré ihell ude HS rilReadBangddent,
t he second Cs bhus I|ne 13h

|t Vlc2 of the f
and second EuB-1"Xert" FégPnggg J\l/§ ﬁ%%afqi‘gg‘eﬁ%aﬁggdtf&gmeh 25 be
fol | oved  eaflarided Vien -£ivdl angi todiath X dCosdd ¢ DIt 1regLos] §s¥/1aR th/s

- AV - 2 a2 C52 G 8 LS L 03I0) o0 1PE,LIE T e

vol t ages VI cci are respectively expressed
Vs - Avd + anrﬁf\%inﬁ@chsilﬁ/ Ghren inCESPRr{y1E2 B whichaggo of kowadexlor

Ccs2/ (Clc2 4 166 are arranged in each of the row direction and the column
direction.
15 [0102]

In Embodiment 2, each of the two sub-pixel electrodes
forms sub-~pixel capacitance having a different capacitance
value. Examples of the method for making the sub-pixel
capacitance different for each of the sub-pixel electrodes

20 include (1) a method of supplying a signal voltage from each
of different source bus lines, and (2) a method of adjusting
the signal voltage by changing the voltage of the Cs bus line.
The TFTs are connected to the sub-pixel electrodes respectively.
Each of the TFTs is connected to the same gate bus line, and

25 hence the two sub-pixels are simultaneously controlled at the
timing at which a scanning signal is supplied to the gate bus
line.
{0103]
Figure 40 is an eguivalent circuit diagram in the liquid
30 crystal display device of Embodiment 2. In Embodiment 2, a
circuit pattern is formed for each of the sub-pixels, and the
circuit patterns of the two sub-pixels are shown in Figure 40.
The sub-pixel electrodes respectively form Clcl and Clc2
between themselves and the opposed electrode via the liquid

35 crystal layer. The sub-pixel electrodes respectively form



5 At the time of T4, also, the voltages M cl and Vlc2 are
respectively changed to the voltages expressed as follows. Mcl = Vs
- AVd Vl1c2 = Vs - Avd [0111] 10At the time of T5, Vcsl is changed
fromVcom Vad to Vcom +Vad, and Vcs2 is changed from Vcom + Vad to
Vcom - Vad. Before the time of T5, the ?Itages VIcl and Vlc2
expressed as follows. Mcl = Vs - AV V. Vs - Avd 15 At the tinme
of T5, also, the voltages VIicl and V1c2 are respectively changed to

t he vol tag%ﬂ&h&&&%@kﬁ@eﬂ}bbﬁ%éﬂé‘élveé/énd & cs k?ugﬂﬁ@ X Further,
Ccsl/ (Clcl X, Vad, x Ccs2/

+C§§é¥£ 1c2 %ﬁ? gg
[0112] 20FSt* eer%ﬁ %]fx %b%‘?d?ﬁnjt? pFeRECH E%n? rain
witing tinrdcdtdrdde ofokbagpestVesk, TVEs2, and Ctlhe amiv\ﬂ-rgz ofegpedt b¥etlye

repeat the at caus, of J4 & et her the
repeating isﬁf{begggfelo?%t{ o?%a%%%é%a@seeaa al? ?ﬁ E|’rrTe of T4 and T5 is
set to be edudl4lto the horizontal witing 25 time 1H or set to

twce, 3 tines, Whe’”@i%u?ﬁ é%%{%ﬁ 2083l Wt E DG itd FBrhEY kS‘fBEthplxel

sui tably determined in -view driving nmethod (for exanple
pol arity i RAGSITSKIRIRPFeTha PRI S)RG TesiRdI Pl BRs2 ¢ Iardesigasdhto face

5 Oughness HadH sRhay, v@&dghbeliqkﬁ&i @fdét@:tLlll hﬂ ffﬂfet Fa1diespkayic is
eVI ce. | tition | cont,l nue nti e QUI \V en

SO b creRY SR iUF SHierer R vorfater (a; poRTsafope opE TidSia
voI t ages \/Icozaygmad \Zleq,tmofby hehes yde i xef el eact rades. batenstas-dga | ows,

respecti veI - §2P gccc%n(c&lgfs f%gfozsm\éacg12§ ﬁ%% e L1 EFe8lk 3RYIGR Ts\WBus

- AVd -
llne {(storage capacitor line) which are arranged to face each

other via an insulating layer. The gate-drain capacitance Cgd
is formed by the pixel electrode and the gate bus line (scanning
15 line) which are arranged to face each other via an insulating
layer. The source-drain capacitance Csd is formed by the pixel
electrode and the source bus line (signal line) which are
arranged to face each other via an insulating layer.
[0105]
20 The method for driving each of the sub-pixel electrodes
by using the TFTs, and the basic configuration in Embodiment
2 are the same as those in Embodiment 1.
[0106]
In the following, a method for performing the multi-pixel
25 drive by changing the voltage of the Cs bus linewill be described
in detail. Figure 41 shows signal waveforms when the
multi-pixel drive is performed.
[0107]
When a voltage Vg is changed from VgL to VgH at the time
30 ofT1l, the first TFT 1l4a and the second TFT 14b are simultaneously
switched to conductive state (on-state), so that a voltage Vs
is transmitted to each of the first and second sub-pixel
electrodes15aand15bfromthesouréebusline12,andischargad
to the first and second sub-pixel electrodes 15a and 15b.
35 Similarly, the first and second Cs bus lines 13a and 13b



Therefore, the effective voltages V1 and V2, which are respectively
applied to the liquid crystal |layer by the first and second sub- pi xel
‘el ectrodes 15a and 15b, are set to values 5 different from each ot her
and expressed as follows. V1 = Mcl - VcomV2 = V1c2 - Vcom That is,
the effective voltages V1 and V2 are expressed as follows. 10V1 = Vs
- Avd + Vad x Ccsl1/(Clcl + Ccsl) - Vcom'V2 = Vs - AvVd - Vad x

Ccs2/ (Clc2 + Ccs2) - Vcom [0114] Undertheabove-descri bedprem ses, the

adj ust nent ﬁsﬁétetps%1m@@@é1§ﬁﬂng’0&kﬁ@9§§r§§ta\@@nséb&uﬂe§@§cﬁ>b{§l

t 15 t Enb b det ai |
Dy o [ 01 SCETSded [ SRR IR LA M o ST by i slhitee fupphied

bal ance betfiwgen the sabues. lofs alinédg? (Cgd + Csd + Ccs + dc) of the
picture el e[%%S is adjusted by using the channel wi dt h of TFT. 20
Furt her, al'ance between the values of a = Cgd/(Cgd + Csd + Ccs +
dc) of t3he pi ct uMtedl enbanslisval sags Vspd ebet @@t ¢ puadiiust éd by chsnagd

t he gat e- dr@jdy, ox |+§spﬁ)‘dlg & &he "E%r&eh%f”%tzhogﬁef @k rad lﬁ‘tl“' Rgat B85 the
bal ance between the val ues of a in Enbodi ment 2, nethods simlar to

the met hodsSfed ﬂb% 44 25 cERBBULBREOYSdin SHé TGhEd. TponaB cppductive
Embodi nent skadd (o mreferaied drrats ikstakbues satengesubopbeqydbct 8odes

Zgﬁgl OE geéegcbi}e# %’?ﬁg#? ,?h%rlil@a %e Jgrfsty\r?gl% %g%olé-dvgs et?s rienesse 3ta0a?1% 13b
10 are all electrically insulated from the source bus line 12.
Note that, immediately after this change, each of the voltages
V1cl and V1c2 of the first and second sub-pixel electrodes 15a
and 15b is reduced by substantially a same voltage AVd as follows,
due to the pull-in phenomenon caused by the influence of the
15 parasitic capacitance, and the like, associated with the first
TFT l4a and the second TFT 14b.
Vlcl Vs - AvVd
Vlic2 Vs - Avd
Further, at this time, the voltage Vcsl and Ves2 of the first

I

It

20 and second Cs bus lines 13a and 13b become as follows.
Vesl = Veom - Vad
Ves2 = Veom + Vad
[0109]
At the time of T3, the voltage Vcsl of the first Cs bus
25 line 13a is changed from Vcom ~ Vad to Vcom + Vad, and the voltage
Vcs2 of the second Cs bus line 13b is changed from Vcom + Vad
to Vcom - Vad. According to these voltage changes in the first
Cs bus line 13a and the second Cs bus line 13b, the voltages
Vlcl and V1c2Z of the first and second sub-pixel electrodes 15a
30 and 15b are changed as follows.
vicl Vs - AVd + 2 x Vad x Cecsl/(Clecl + Cesl)
Vic2 = Vs - AVd - 2 x Vad x Ccs2/(Clc2 + Ccs2)
[0110] - : :
At the time of T4, Vcsl is changed from Vcom + Vad to Vcom

35 - Vad, and VcsZ is changed from Vcom - Vad to Vcom + Vad. Before



30 electrostatic capacitance forned by the respective sub-pi xel

el ectrodes are made uniform and the adjustnent between the
sub-pixels is nore suitably perfornmed. Thereby, it is possible to
further reduce the possibility that the value of a is varied between
the picture elenents. The K-value is expressed as K 35 = Ccs/ Cpi x( Cgd
+ Csd + Ccs + dc). Therefore, the adjusfhent 43 of Ccs is effective
to adjust the bal ance between the K-val ues of the picture el enents.

[0117] Figure 42 is schemat | | an Mi ew 1 i i 5
t he expandgélepgr]ﬂeo S rof %goégca%?% I\}i/lncgl f%gp\ﬁ‘lr%h}fﬁg%%ﬂee{be%wegl e
overl ap eaelxrotdsered msEflsddiovent 2. As shown in Figure 42, the Cs bus
ine 13 has an expanded yeeai oiyd 1 3 Ak heteah, @adit he cighn_

el ectrode 23 al so has an “expanded region In a part thereof. ese
expanded regi ons Vdro@ issélsatedVid om216 dach xoQseR /MiCd S2n 1i §$312dt i ng

| ayer, but xgveHAR igaChHhOMMEr 41sd)l ahe/ i@ tSgas T e thiee Storage

capaci tance Ccs. The val ye of storage capgcitance Ccs depends the
over | appi n§eaReL GV 4 lve m&&%w&%&a% HEHE T &1 o];o;ﬁgleows'

capaci tance Ccs kawWing assu taatd e capacitance val ue can be formed by
adj usting 15 the _size of_the anded region for each of the

sub- pi xel s and b)y j u‘st"isng" &goverl appi ng degree between the
expanded rdd@ildds. Note that, in Figure 42, the expanded portion of

the Cs;pus line Eﬁel‘@{rﬁ@roﬁ han fhe; expandedeQortdPRcdda- Gfad B8 veom
drain el ectrode on both Iongi tudinal "and |ateral sides. 20Q[0118
The | ongit ddVadr anchyCh2ahd aredest EFam Yeamythat tonéceRpaligdg Before

portion 23a+pf +ihe S aibn ehesiedge23vace denvt ed dypreaisidnsefollows.
characters of d and f, respectively. Further, the longitudinal |ength

and the lateral Vgt It oS thé¥ekpanded 25 portion of the Cs bus I|ine
13 are denoted byiref erence ¢ghayacters of e and g, respectively.

[0119] t.he sa e sjde ril

i st ant? bATWER (TS i LT si T Ofo T S bar 115 56 of
the Cs bus ddspect3wrily tdengsd)itudiial validroe? Herasgrhded Hoktown
23a of the drain.glectr 23,8 S T I 8-t he ed
portion 23a of tﬁ’gLCSLr ai ﬁpsgl eéﬁ%d@%?ﬁz S]s or %dglo/ﬁ(ctlhée]L |+§.t er aql |y

i nner side of thé&ledandel pd¥itd on Dfx thed s sz 4 (HE2AF BESHe
di stance a fgiomeach of the |ongitudinal sides

20 For each interval of an integer multiple of horizontal
writing time 1H, the voltages Vcsl, Vecs2, Vicl, and V1c2
respectively repeat the changes caused at the time of T4 and
T5. Whether the repeating interval of the changes caused at
the time of T4 and T5 is set to be equal to the horizontal writing

25 time 1H, or set to twice, 3 times, or more of the horizontal
writing time 1H, may be suitably determined in view of the
driving method (for example, polarity inversion drive) and
displaying conditions (flickering, roughness of display, and
the 1like) of the liquid crystal display device. This repetition

30 is continued until the time equivalent to Tl is subsequently
reached. Therefore, the effective values of voltages Vlca and
Vlicb of the sub-pixel electrodes become as follows,

respectively.
Vlica = Vs — AVd + Vad x Ccsi/(Clcl + Ccsl)
35 Vieb = Vs - AVd - Vad x Ccs2/(Clc2 + Ccs2)



35 of the expanded portion of the Cs bus line 13. Therefore, the 44
expression g = f + 2a is established. [0120] On the sane one
side of the expanded portions, the distance between the |ateral side
of the expanded portion of 5 the Cs bus line 13 and the l|ateral side
of the expanded portion of the drain electrode 23 is set to b. That
is, the expanded portion of the drain eléctrode 23 is fornmed on the

|l ongitudinally inner side of the expanded portion of the Cs bus |line
13 by the distance b fromeach of the lateral sides of the 10 :
expanded poMpi of the Cs bus line 13. Therefore, the expression e =
d + 2b is establ dfatkid,2the effectliveswoll tegse, Vilhend VA, theit¢lourre

col or picture el enent i iff ng . t j h,dt
nere et ad S o i p pE IR 5p ERETARRLY, Paf IR BY Boficere
t he K-val uemd mexiomgnsviatnéxelnt heatmedas dda andt hebpiditiseteFenentees

coul d bg S PR t 6 On 10910 Yo r1RSPEstd Vekyr &6k aista 910r & heowsd] ues of
a to g between the picture elenents as shown in Table 4 descri bed
bel ow. Note that Whe rdkGlo of Va4 cel | gaps of the respective 20

pi cture el ements ywas- setc@As- "v@gh . "blue”:"green":"yel l ow' =

L1141 4, J01221 [Ia0le 31, £ oJ £, SLETPM 5n 9506 Fo (Lo Pl i

el ements G

follows.
10 Vvl = Vs - AVd + Vad x Cecsl/ (Clcl + Ccsl) - Vcom
V2 = Vs - AVd ~ Vad x Ccs2/(Clc2 + Ccs2) - Vecom
[0114]

Under the above-described premises, the adjustment of the

optimum opposed voltages between the respective picture
15 elements in Embodiment 2 will be described in detail below.
[0115]

In Embodiment 2, similarly to Embodiment 1, the balance
between the values of a = Cgd/(Cgd + Csd + Ccs + Clc) of the
picture elements is adjusted by using the channel width of TFT.

20 Further, the balance between the values of & = Cgd/(Cgd + Csd
+ Ccs + Clc) of the picture elements is also supplementarily
adjusted by using the gate-drain overlapping area. As the
methods for adjusting the balance between the values of a in
Embodiment 2, methods similar to the methods described in

25 Embodiment 1 can be used.

[0116]

In Embodiment 2, it is preferred that K-values are set
to be equal to each other between the sub-pixels. When the
K-values are set to be equal to each other, the values of the

30 electrostatic capacitance formed by the respective sub-pixel
electrodes are made uniform, and the adjustment between the
sub—pixelsjx;moresuitablyperformed; Thereby, it is possible
to further reduce the possibility‘that'the value of o is varied
between the picture elements. The K-value is expressed as K

35 = Ccs/Cpix(Cgd + Csd + Ccs + Clc). Therefore, the adjustment
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of Ccs is effective to adjust the balance between the K-values
of the picture elements.
[0117]

Figure 42 is a schematic plan view showing a range in which
the expanded portions of the Cs bus line and of the drain
electrode overlap each other in Embodiment 2. As shown in
Figure 42, the Cs bus line 13 has an expanded region in a part
thereof, and the drain electrode 23 also has an expanded region
in a part thereof. These expanded regions are isolated from
each other via an insulating layer, but overlap each other in
plan view so as to form the storage capacitance Ccs. The value
of storage capacitance Ccs depends on the overlapping area of
these expanded regions, and hence the storage capacitance Ccs
having a suitable capacitance value can be formed by adjusting
the size of the expanded region for each of the sub-pixels and
by adjusting the overlapping degree between the expanded
regions. Note that, in Figure 42, the expanded portion of the
Cs bus line 13 is larger than the expanded portion 23a of the
drain electrode 23 on both longitudinal and lateral sides.
[0118]

The longitudinal length and the lateral length of the
expanded portion 23a of the drain electrode 23 are denoted by
reference characters of d and f, respectively. Further, the
longitudinal length and the lateral length of the expanded
portion of the Cs bus line 13 are denoted by reference characters
of e and g, respectively.

{0119]

On the same one side of the expanded portions, the
distance between the longitudinal side of the expanded portion
of the Cs bus line 13 and the longitudinal side of the expanded
portion 23a of the drain electrode 23 is set to a. That is,
the expanded portion 23a of the drain electrode 23 is formed
on the laterally inner side of the expanded portion of the Cs
bus line 13 by the distance a from each of the longitudinal sides

of the expanded portion of the Cs bus line 13. Therefore, the:



25[ 0123] Each of Figure 43 to Figure 46 is a schematic plan
vi ew showi ng an exanpl e when the storage capacitance Cs is adjusted
‘by the overl apping area of the pixel electrode and the Cs bus |ine.
Figure 43 shows a formin which the upper side of the 45 pixel
el ectrode 15 overlaps a part of the Cs bus | ine 13. The val ue of the
storage capacitance Ccs can be adjusted 4By adjusting the values of a
and b in Figure 43. Figure 44 shows a formln whi ch the Cs bus |ine
13 crosses the center of t 52r %seeé? 415, and in which the
whol e in t FERIGHH djrgectl on o abu ne 13 overl aps the pi xel
el ectrode 181Z2Ihe val ue of the storage capacitance Ccs can be
adj usted by ad] Uaﬁi thd el digs squdé: @@dcr% | el EHEE ot i ir e D

I C of

shows a formin t he upper _side pi Xel el ectraqde 15

over | aps t IfE R PEFY9aTe ti@ Laké red \ﬁﬁfi@wéntE%t 8RBRRGeS eRPT bhoBof
tlhe Cs guslﬂgiéﬂ@sl@us lSLﬁCleQC_k ﬁh@nglewametﬂaa belit of deeobxphadpiixebrtion
el ectrode e val.ue e storage c s.can

adj ust ed bf%di-l:{?sfjlrﬁdrlt ﬁge\‘f%lrﬁé@ t%e tti: &Pé’ 4857 FFgﬁr%XEL%nded
shows a forgadiiorhich e dipier el@tﬁtzﬂtﬁde H&3 maefosh@cttwrmd@laj

overl aps 1 tnhel%jj d%qgmg;_ s P4 'f_ntﬂ’g' )%’khfr[ﬂd@é %r}_(%' ﬁfcéﬂé)@s%us

e tl T8

the Cs bus SO0 as to cross e center of t
el ectrode 15.neTAS byl tee oflstenasah Hecmdiat oF byeakh igtihg of the

val ues, gf ee%% dd Jaw&@f §10424 ReIhe; yal pes afhdragr sHeor agR

capaci tance et ween the sub-pixels are made close to each ot her
by per f or mSPEIRESO MG ust%ht%bbje‘%v%%thak?]hjes%%- pi xel s, so that the
K-val ues witdizuja suitable range can be obtained. [0125] 25Fi gure 47

|sawaveformch rt s t he anpli.tu of thevlta
bus |ine 13 V\hen%rhes“}f% tqa% i VESY 58 fd-glﬁnéaurﬁ%% vol éﬁguﬁél %lee Es
in Figure Hadm@mrMms:eék\lcgapsK Eh¥/csPedh widtilss preafeeseédashated
t he magpitud ot hey I ge.

25 %&u:? Q %P%I CaI ly\é(ilto% ‘fj%ﬂ&?her 3 etTp"Eﬁe K-values

sub- pi xel s "an sSpeti S 10 ess pt i mum
opposed vol traage:snm Waielesubmpnxmum mhu%é %créiecpé%wr@ éé@weat:ﬁe@ould
Since the %%5)1” Pbso SWWEE@FEEtEVé@? adijubing efey kedukhabe
the value o Justed by adjusting the val ue of 35l1e51§?lbed

a to g between the picture élements as shown in Tab
below. Note that the ratio of the cell gaps of the respective

20 picture elements was set as "red":"blue":"green":"yellow" =

1:1:1.4:1.4.
[01221
[Table 4]
Picture elements | Picture elements
RandB (4 m) Gand Y {(ym)
a 17. 0 14. O
b 3. 0 2.0
[ 226. 0 154. 25
d 29. 0 36. 0
e 35.0 40. O
f 157. 0 91. 25
z 191. 0 119, 25
25 [0123]

Each of Figure 43 to Figure 46 is a schematic plan view
showing an example when the storage capacitance Cs is adjusted
by the overlapping area of the pixel electrode and the Cs bus

line. Figure 43 shows a form in which the upper side of the



46

Table 5 described belowis a table showi ng a perm ssible

range of deviation of the value of K when the value of AVcs is
‘assuned to be 10 nV or less. In the conventional |iquid crystal

di splay device in which the areas of the picture elements are 5 not
made different fromeach other, the value of Kis set in the range of
0.43 to 0.54, and hence the |nvest|gat|éﬁ was performed on the basis
of this range. [0127] [Table 5] K Deviation of K (% Vcs A \Vcs

S OfJ.xel eie%n%%d% ?g gvgélaps ﬁ%rt éf thd Qs ¥ 1ine 13. The
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value of the storage capacitance Ccs can be adjusted by
adjusting the values of a and b in Figure 43. Figure 44 shows
a form in which the Cs bus line 13 crosses the center of the
pixel electrode 15, and in which the whole in the width direction
of the Cs bus line 13 overlaps the pixel electrode 15. The value
of the storage capacitance Ccs can be adjusted by adjusting the
values of ¢ and d in Figure 44. Figure 45 shows a form in which
the upper side of the pixel electrode 15 overlaps the Cs bus
line 13, and irn which an extending section of the Cs bus line
13 is added along with the left side of the pixel electrode 15.
The value of the storage capacitance Ccs can be adjusted by
adjusting the values of a to d in Figure 45. Figure 46 shows
a form in which the upper side of the pixel electrode 15 overlaps
the Cs bus line 13, and in which an extending secfion of the
Cs bus line 13 is added so as to cross the center of the pixel
electrode 15. The value of Ccs can be adjusted by adjusting
the values of e to £ in Figure 46.

[0124]

The values of the storage capacitance Ccs between the
sub-pixels are made close to each other by performing these
adjustments between the sub-pixels, so that the K-values within
a suitable range can be obtained.

[0125]

Figure 47 is a waveform chart showing the amplitude of
the voltage of the CS bus line 13 when the multi-drive is
performed. The voltage value AVcs in Figure 47 is expressed
as AVcs = K x VesP™P. It is preferred that the magnitude of the
pull-in voltage is uniform between the sub-pixels and
specifically is 10 mV or less. Thereby, the optimum opposed
voltages of the sub-pixels can be made close to each other.
Since the value of VesP™® is substantially fixed, it is preferred
that the value of AVcs is adjusted by adjusting the value of
K.

[0126]



1.92 1.04 0.43 0.93 2. 41 1. 04 9. 6 0. 434 2. 41 1. 04 [0128]
As shown in Table 5 descri bed above, when the value of K was set to
‘0.54 and when the deviation of the value of K was set to 0.74% the
devi ation of the value of AVcs could be 15 suppressed to 7.7 nV.
Further, when the value of K was set to Q.43 and when the devi ation
of the value of K was set to 0.93% the4feviation of the val ue of
:[A\XCS c;)ul d ]E)e suppressed to 9.6 nV. Therefore, the target range of

e value of Kii -0%.0r | ess. . ' -
Figure 48 and Fi 3&’%’&64 des r%s%%%?réa‘?oﬁjbg‘?]ﬁfggbﬁ\%ﬁielv%e g 8\%\&1&8 ar efRfds e
ar r angenentraeef ogudatianiof ¢blwre fidler ofi K indodime vz 13e of AVes is

assumed to be 10 mV or less. In the conventional liquid crystal

display device in which the areas of the picture elements are
5 not made different from each other, the value of K is set in

the range of 0.43 to 0.54, and hence the investigation was

performed on the basis of this range.

[0127]
[Table 5]
Deviation of Deviation of
K K (%) Ves AVes | A ves (mV)
Q. b4 1. 92 1. 04
0. 544 0. 74 1. 92 1. 04 77
0. 43 2. 41 1. 04
] : 9,
10 0. 434 0. 93 241 1. 04 6
[0128]

As shown in Table 5 described above, when the value of
K was set to 0.54 and when the deviation of the value of K was
set to 0.74%, the deviation of the wvalue of AVcs could be

15 suppressed to 7.7 mV. Further, when the value of K was set to
0.43 and when the deviation of the value of K was set to 0.93%,
the deviation of the value of AVcs could be suppressed to 9.6
mV. Therefore, the target range of the value of K is 1.0% or
less.

20 [0129]

Embodiment 3

Each of Figure 48 and Figure 49 is a schematic plan view
showing an arrangement configuration of color filters in
Embodiment 3. '

25 In Embodiment 3, three color picture elements of red,
green and blue, or four color picture elements of red, green,
blue and yellow are used, and one pixel is configured by a
combination of these picture elements. In Embodiment 3, the
areas of the picture elements are different from each other.

30 f0130]



251 n Enbodi ment 3, three color picture elenents of red, green and

bl ue, or four color picture elenments of red, green, blue and yell ow
‘are used, and one pixel is configured by a conbination of these

pi cture elenments. In Enbodi nent 3, the areas of the picture elenents
are different fromeach other. 30[0130] _47 Figure 48 is a
schematic plan view showing a formin whi‘ch picture elenents of three
colors are used in Enbodi nent 3, wherein the area of the picture

el enent green (G_.anon he_ pi S_is.l r r
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opti mum opposed vol tage between the picture el enents can be adj usted.
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schemati ¢ plramhe ewlabowt g 2 if eapaicd twhiceh pBaseadeor|ténent $hef opoimum
colors are used in_Enhod] ' the, of. .t he-
pi cture el ecf?éjnqseréégo *4h gttr‘fgeg\rﬂggégéﬂfﬁgy%%lt ure e g%éln%eb‘?ﬁ%u?%()ad'
anong t he pdirctagddlslemensgiisr | araesnisahviny ednthe agkhevedtpe

pi Ctur?g% AR a8 (R 20 ando £ herdégaand therobettsRi LY eMRAatpitch
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opt i mum oppasash MoldRea thet needn dhienpiret the wleienios the diel @t usteedhe
In addition, wider color reproducibility can be achieved by 25

i ncreasing ¥ ratio of red and bl ue whereas decreasing the ratio of
green and ygdl13w, and thereby making the pitch widths of red, green,

bl ue, d vell ow di ff t.fro r.n: i h ts . |
onse widre the r AL A% g SORMRBRACOL A B ARG SO0 kb hEup ich
Enbodi ment 38 citume optémemt oppbstaurotehgesi sradissdedb SRMERE 3,

picture el Wdéi@%rg?io&gth Sa £ANEl W g&t}taﬁ:et Beedbdt B8 (R)€and the
opti nmum opposed voltage is further adjusted by adjusting the picture
el enent ar e PeOkebhe e Piks @P-@H‘@Pén}%‘tlg (By5amaapebe H%Fti‘@epﬁi?mﬁp*és

to obtain adiGHgdCeyshabndisphkay af8adevitte picrhiehe tdgenvagaidrons)
of the _value of ais further suppressed between. the Qc_turD%f%le%ré%rgesin
and t héPeby?thehsageast cﬁ?%é’ﬁ%%ﬁ 88{9n[m.g31%13 ow )
the area between the picture elements leads to difference in
the value of pixel capacitance. Based on this, the optimum
opposed volitage between the picture elements can be adjusted.
In addition, wider color reproducibility can be achieved by
25 increasing the ratio of red and blue whereas decreasing the
ratio of green and yellow, and thereby making the pitch widths
of red, green, blue, and yellow different from each other in
comparison with the case where the ratios of the colors are the
same.
30 [0132]
in Embodiment 3, the optimum opposed voltage is adjusted
between the picture elements by using the channel width of the
TFT, and the optimum opposed voltage is further adjusted by
adjusting the picture element area between the picture elements.

35 Thereby, it is possible to obtain a liquid crystal display



5The present application clainms priority to Patent Application No.
2010- 019563 filed in Japan on January 29, 2010 under the Paris
‘Convention and provisions of national lawin a designated State, the
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REFERENCE SI GNS LI ST [ 0134] 1. Liquid crystal |ayer 2:
Active matrix substrate 15 3: Color filt#8r substrate 11: Gate bus
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0137 ectrode 30 23a: Expanded section of drain

The present application claims priority to Patent
Bpplication No. 2010-019563 filed in Japan on January 29, 2010
under the Paris Convention and provisions of naticnal law in
a designated State, the entire contents of which are hereby

incorporated by reference.

REFERENCE SIGNS LIST
[0134]
1: Liguid crystal layer
2: Active matrix substrate
3: Color filter substrate
11: Gate bus line (scanning line)
12: Scurce bus line (signal line)
13: Cs bus line (storage capacitor line)
13a: First Cs bus line
13b: Second Cs bus line
14: TFT {(Thin film transistor)
lda: First TFT
14b: Second TFET
15: Pixel electrode
15a: First sub-pixel electrode
15b: Second sub-pixel electrode
21: Channel region
22: Source electrode
23: Drain electrode
23a: Expanded section of drain electrode
24: Contact hole
25: Gate electrode
31: Color filter
31R: Color filter (red)
31G: Color filter (green)



24: Contact hole 25: Gate electrode 31: Color filter 31R:
Color filter (red) 35 31G Color filter (green) 31B: Color filter
(blue) 31Y: Color filter (yellow) 41: Pixel electrode 42: Qpposed

el ectrode 50 CLAI M5 Claim1. Aliquid crystal display device
whi ch includes a pair of substrates, and a liquid crystal |ayer
sandwi ched 5 between the pair of substréPes, and is configured such
that a pixel is formed by picture elenents of a plurality of colors,

wherei n on fot air. .of substrates includes scanning |ines, signa
Iines,'and%gg%r§ggipa6%€ﬁ¥%? ?%5%, athin filmtransistor connected
to each of Ihe <kdmm rfg ltewe @redlitdvwe signal 10 line, and a pixel

el ectrode nn ta dhin filmtransistor; t he ot her of
the pair o%a§u§§%ggiége%ﬂgiu es an opposed el ectrode; t he
liquid cryéZal rppset siqteeds regi on having a 15 larger thickness
and a region having a snmaller thickness in one pixel, t he

pi xel electrode is arranged for each of the picture elenents; and the
pi xel el ectrode that overlaps a region having a 20 smaller thickness
of the liquid crystal layer anong the plurality of pixel electrodes
arranged in one pixel is connected to the thin filmtransistor with a
| arger channel width anong the plurality of thin filmtransistors
arranged in the one pixel.



25 . Claim 2. The liquid crystal display device according to
claim1l, wherein the overlapping area of the scanning |line and the

‘pi xel electrode that overlaps a region having a smaller 30 thickness
~of the liquid crystal layer is different fromthe overlapping area of
t he scanning |ine and the pixel electrode t hat overlaps a region
having a | arger thickness of the liquid erstal | ayer. 51 one of
claim1l and claim2, wherein the overlapping area of the signal line
and the pi xel el ectrode t hat overl aps gx gglon having a small er

t hi ckness of the liquid crystal layer 1s fferent fromthe 5

over|l apping area of the signal line and the pixel electrode that
overl aps a regi Ortﬂg% ng a 1as9e8 dh)ekiess 1 dhechiidd gheeysidkludes
| ayer. Claim4. The liquid crystal display. device

accor di ng t%)Hﬁ%?ﬂﬂ?(ﬁuQﬁQﬁ%ﬁ%?tcﬁQﬁeﬁrﬂ uid crysipbrEiyef pgandwiched
over | appi ngae?dmroftﬂeh@aatrobaggubapﬁ@té@r émmasaradaﬁﬂi@me&lsuch that a

el ectrode that overl.aps egi on._havi t ess

l'i qui d cryﬁjaﬁ dfeffole'gle%l% : %ﬁtfuf? ‘%\9’?%% ?/erféapgl né:ggrle 8F .{:ﬁgors,
storage capacit orwHermeirantet hé pheapails ol substde telsat nolerdkapscanning
region haviy rELqTeas ! %rd.%?{alt Rij Fllégesﬁ af S{Qfa% Cpgac.cfﬁ'éf ali |&yeh: thin film

Caim5. Th idui'd-crysfa |sp ay devi ording to one of claim
1 to clai mWaW%PﬁnaﬁCéleéat@\eaf?heo%t%élSféﬂi@é%fﬁ@dénteh%@d(*}@@r%%al

a regi 9§ havifg a el | @fxd hi ckaessodd ddendd@ desriygéabhiAyLL1msS
different froman area of the pi xel el ectrode that overlaps a region

havi ng a | driggrs tHi¥kiness of the liquid crystal |ayer. 25C aim6. The
liquid crystal ditgp ayhdevbgethecd ti ngt tsmbaneraifesciaiciutietsoanl appoSed
wherein the SC%P”HEQ line and the pixel electrode formgate-drain
capaci t ance:

the liquid crystal layer comprises a region having a

15 larger thickness and a region having a smaller thickness in one
pixel, '
the pixel electrode is arranged for each of the picture
elements; and
the pixel electrode that overlaps a region having a
20 smaller thickness of the liquid crystal layer among the
plurality of pixel electrodes arranged in one pixel is connected
to the thin film transistor with a larger channel width among
the plurality of thin film transistors arranged in the one
pixel.
25
Claim 2. The ligquid crystal display device according to
claim 1,
wherein the overlapping area of the scanning line and the
pixel electrode that overlaps a region having a smaller
30 thickness of the liquid crystal layer is different from the
overlapping area of the scanning line and the pixel electrode
that overlaps a region having a larger thickness of the liquid

crystal layer.

35 Claim 3. The liquid crystal display device according to



the .signal line and the pixel electrode formsource-drain 30

capaci t ance; the storage capacitor |line and the pixel

‘el ectrode form storage capacitance; t he pi xel el ectrode and

t he opposed el ectrode formliquid crystal capacitance; 35a ratio of
the gate-drain capacitance to a total of the 52 gate-drain

capaci tance, the source-drain capacitanéé, the storage capacitance,
and the liquid crystal capacitance is different for each of the

pi cture el enents. of, t.he plurality. of, colors; and 5a difference

bet ween a Ioéiregé% GLai 1ofarfcﬁeClg%Jtme- drain capacitance and a smal | est
rati o of the gateddnaiim chpaciveaheppingoages hef rtdie ¢sgpRlt Rdne and the
gat e-drai nfpé%%%?'e}% SESRERH V&l o Bl el §1Q8n TSy PAS TAIr S8l Baent s

of the plu y colors, 1s 10%or less of " the smallest ratjo of
the gat e- didiisKresdapekithideiquid cryshiad hayemnes | Ff r ey stegm the
di spl ays de s 13659 B9eb 0880 i gl Midetan L ke Bxe Wagkeittodle that
val ue of a response coeffjci q'g_%g obtained b \]/,%rcallicul atipg% inlthe.
one pi ct ur @@ 2 FTHETD MVLHE Ehg]ﬁl?ﬁl%lﬁ ST Het t ol Lot he
gat e- drai n ;aapacilt dnogsr i he source-drain capacitance, the storage
capacitance, and the liquid crystal capacitance, with respect to the
m ni rum val ue of the total of the gate-drain capacitance, the ‘
source-drai n 20 ¢Hpsaci danthe 1heusd et dapicrlaicdevasg eRECFRDPILo

crystal ycapagl tance 48, di fderentifos, each of the picture el ements of
the plurality of colors; and the difference between the

| ar gest response WEEIFITt iR WRFIIRP IR FesPvnsth Vorde | GFRAtLtoT

anong the resROnsR| 2L eakddiciearics rRRPeakitvekkrobbai aedefobnt having a
pi cture el enments of t,?:?(in

pl urali f col.ors, . %or Jes th
smal | est r e¥HoNSF £H 8ise°’n?JF- et P18 Cry(ﬁtﬁiniéye‘];hles Idﬁcf%{egen% Erom
crystal di splayvdetbpeiagcorsh nof tloe 3@ oargeofapd@i pod tieckad rohg, pixel
wherei n_t he pi xel elegtro i Nt i : i - pLXe
el ect rgaes edli%clxtdreoaf? ?Cg‘n‘%teggrﬁrét %’r b %él(é%gn grly%‘?lur lére?&%%tr?fch%?ngbé bt
the thin fithe triapsidtorssttal kaymected to the sub-pixel 35

el ectrodes respectively;

Claim 5. The liquid crystal display device according to
one of claim 1 to claim 4,
20 wherein an area of the pixel electrode that overlaps a
region having a smaller thickness of the liquid crystal layer
is different from an area of the pixel electrode that overlaps

a region having a larger thickness of the liquid crystal layer.

25 Claim 6. The liquid crystal display device according to
one of claim 1 to claim 5,
wherein the scanning line and the pixel electrode form
gate-drain capacitance;
the signal line and the pixel electrode form source-drain
30 capacitance;
the storage capacitor line and the pixel electrode form
storage capacitance;
the pixel electrode and the opposed electrode form liquid
crystal capacitance;
35 a ratio of the gate-drain capacitance to a total of the



53 . the storage capacitor lines overlap the sub-pixel

el ectrodes respectively; and the liquid crystal display
‘device includes a driving circuit which inverts a polarity of a
voltage of the storage 5 capacitor line at regular time intervals.
Claim9. The liquid crystal display device according to claimS8,
wherein a ratio of the storage capacitaf€e with respect 10 to the
total of the gate-drain capacitance, the source-drain capacitance,

t he storage ca i t, d the li,quid ' '

1 or ot BB o R Ty A er ArEit ANl ge, che
col ors; andtdengh fdagramicenrst weerd tites | Brgeidd crirsion bfcaprcbtanregels
15 capacl tacntcfefe%g}é e SOBLLeSE i g?.c@'ﬁr%hgléﬁé’ﬁﬁg?of:%Eiﬁﬂﬁﬁitly of

anong the ratios the storage capacitance respectively obtained for
t he picturexaiamntandf the plurality of colors, is 1.0%or |ess of

the smakl est ratip Qfsddierdorae Ldpacibageer ratio of the gate-drain
capacitance and a smallest ratio of the gate-drain capacitance,
among the ratios of the gate-drain capacitance respectively
obtained for the picture elements of the plurality of colors,
is 10% or less of the smallest ratio of the gate-drain

10 capacitance.

Claim 7. The liquid crystal display device according to
one of claim 1 to claim 6,
wherein a value of a response coefficient obtained by
15 calculating, in the one picture element, a ratio of the maximum
value of the total of the gate-drain capacitance, the
source~drain capacitance, the storage capacitance, and the
liquid crystal capacitance, with respect to the minimum value
of the total of the gate-drain capacitance, the source-drain
20 capacitance, the storage capacitancé, and the liquid crystal
capacitance is different for each of the picture elements of
the plurality of colors; and
the difference between the largest response coefficient
and the smallest response coefficient, among the response
25 coefficients respectively obtained for the picture elements of
the plurality of colors, is 5% or less of the smallest response

coefficient.

Claim 8. The liquid crystal display device according to
30 one of claim 1 to claim 7,
wherein the pixel electrode is configured by a plurality
of sub-pixel electrodes divided from each other in one picture
element;
the thin film transistors are connected to the sub-pixel

35 electrodes respectively;



10
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53

the storage capacitor lines overlap the sub-pixel
electrodes respectively; and

the liquid crystal display device includes a driving
circuit which inverts a polarity of a voltage of the storage

capacitor line at regular time intervals.

Claim 9. The liquid crystal display device according to
claim 8,

wherein a ratio of the storage capacitance with respect
to the total of the gate-drain capacitance, the source-drain
capacitance, the storage capacitance, and the liguid crystal
capacitance is different for each of the picture elements of
the plurality of colors; and

the difference between the largest ratio of the storage
capacitance and the smallest ratio of the storage capacitance,
among the ratios of the storage capacitance respectively
obtained for the picture elements of the plurality of colors,

is 1.0% or less of the smallest ratio of the storage capacitance.



